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Abstract

The standardized catch rate series showed gradual increases from 1977-79
followed by substantial increases in 1980 and 1981, the 1981 level being the
highest in the series. While recent catch rates indicated an improvement in
the stock, attributed to the recruitment of the successful year-classes of the
early 1970's to the fishery, the increases may not be proportional to increases
in stock abundance. Cohort analysis was performed using M = 0.1 and a dome-shaped
partial recruitment curve which was suggested by the relationship between the
commercial catch at age and research vessel abundance at age. A comparison of
the abundance of the 1954-60 year-classes with that predicted by a series of
cohort runs suggested F = 0.14 in 1981. Assuming the 1982 TAC of 28,000 t is
caught and fishing at F0.1  = 0.15 in 1983, the projected catch in 1983 was
37,000 t. Fishing at F o . 1 = 0.15 in both years yielded catches of 38,000 t
and 36,000 t respectively. Approximately 35% of the projected 1983 catch
would be composed of the early 1970 year-classes.

Resume

La serie des taux de capture standardises fait voir une augmentation
graduelle de 1977 a 1979. Celle-ci a ete suivie d'augmentations importantes en
1980 et en 1981; les prises ont atteint leur plus haut niveau en 1981. Les
derniers taux de capture denotent une amelioration du stock qu'on attribue au
recrutement des classes d'age abondantes du debut des annees 1970; toutefois, it
est possible que l'augmentation des prises ne soit pas proportionnelle a la
croissance des stocks. On a effectue une analyse des cohortes pour laquelle M
fut fixe a 0,1; une courbe de recrutement partielle hemispheroide fut etablie
par comparaison entre les prises commerciales par categorie d'age et
1'abondance, par categorie d'age, des populations recensees par le navire de
recherche. En comparant l'abondance des classes d'age de 1954 a 1960 avec celle
prevue par une serie de cohortes, on est arrive a une equation FT = 0, '14 pour

1981. En supposant que les pecheurs atteignent les PTA de 28 000 t pour l'annee
1982 et en supposant une peche a FO 1 = 0,15 pour l'annee 1983, on en est
arrive a une projection de 37 000 t'pour 1983. line peche a FO 1 = 0,15
pour ces deux annees a donne, respectivement, 38 000 t et 36 060 t de prises.
Environ 35 % des prises prevues pour 1983 devraient provenir des classes d'age
du debut des annees 1970.
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Introduction

Nominal catches of redfish in Divisions 4RST peaked in 1973 at 130,000 t,
composed primarily of the strong 1956 and 1958 year-classes. Year-classes
throughout the 1960's were relatively weak, resulting in lowered catch rates
through most of the 1970's. The early 1970 year-classes were determined to be
the first successful ones since those of 1956 and 1958 by research vessel
surveys to the Gulf in 1976 and 1978-81. These year-classes have been abundant
in the commercial redfish catch since at least 1979. Catch rates have been
generally increasing since 1978.

Materials and Methods

Catch and effort data from the directed redfish fishery, defined as
catches consisting of 50% or more redfish, were available for 1959-79 from
ICNAF/NAFO. Preliminary information was obtained for Newfoundland and Maritime
vessels for 1980-81. Effort data from vessels of tonnage class less than 4
were not used due to the doubtful value of this information. Catch and effort
data were standardized using the multiplicative model developed by Gavaris (1980)
to obtain estimates of the relative powers of the years 1959-81.

The redfish landings by otter trawl vessels from the three Atlantic
Regions (Quebec, Maritimes and Newfoundland) for 1981 are listed by month and
Division in Table 1. Length frequencies sampled from these landings are
listed in Table 2 and shown in Fig. 2-4. Otoliths were selected from samples
of Maritime and Newfoundland catches and totalled 396 for males and 470 for
females. Data for landings and length frequencies from Quebec - based vessels
were provided by J. P. Lussiaa-Berdou (Direction generale des peche maritimes,
St. Foy, Quebec).

The above commercial sampling data were used to obtain the catch at age
and its variance and the mean weight at age fqr 1981 following the procedure
outlined by Gavaris and Gavaris (unpublished)1. The catch at aae
from 1976-80 included estimates of discards of young redfish (ages 5-8) from
the Port aux Choix shrimp fishery. The weight at age used from 1972-80 was
based on a "standard" age/weight relationship.

The research survey of the Gulf redfish stock in 1981 was conducted by
the VICKY AND BROTHERS, a vessel of the same size and power and using the same
fishing gear as the BEOTHIC VENTURE which conducted previous surveys. Survey
methodology was consistent with past surveys. The length frequency from the
1981 survey is presented (Fig. 5) for comparison with the commercial length
frequencies.

Estimates of partial selection for 1978-81 were obtained by comparing the
commercial catch at age with research numbers at age, assuming research numbers
at age accurately reflect the population age structure. The relationships
were smoothed by taking repeated running medians and are plotted in Fig. 6.

Cohort analysis was performed using M = 0.1 and a range of F T values in
1981.

1 Paper entitled "Estimation of catch. at age and its variance for groundf sh stocks
in the Newfoundland Reg ion" was presented to the DFO seminar on "Sampling of
commercial marine fish and invertebrate catches", Ottawa, February, 1982.
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Results and Discussion

The results of the regression of In (catch rate), weighted by effort,
versus vessel type, month, division, and year categories (Type 1, 2, 3, and 4
respectively in Table 3) were significant. The estimates of the power of
years 1959-81, relative to 1959 which was set equal to 1, are shown in Table 4
and Fig. 1. Nominal catches and standardized effort are listed in Table 4.

Trends in the relative power of years indicated a generally steady decline
in the stock from 1967-76. The high levels were associated with the recruitment
of the strong 1956 and 1958 year-classes to the fishery while the decline was
the result of subsequent poor recruitment. Increases have occurred since 1978
due to the recruitment of the successful year-classes of the early 1970's to
the fishery. Very large increases occurred in both 1980 and 1981 (based on
preliminary data for Maritime and Newfoundland vessels only). Increases in
the commercial index may not be directly proportional to increases in the
population if other factors s:uch.as: the degree of concentration of
the fishable biomass has changed between years.

Length frequencies of redfish from Canadian otter trawl vessels fishing in
Divs. 4R and 4S showed the bulk of the catch was composed of 26-29 cm fish
(Fig. 2-3). Larger fish were indicated from the catches in Div. 4T (Fig. 4).
This was in agreement with research vessel surveys which have found the smaller
redfish (the early 1970's year-classes) to be concentrated between Bay of Islands
and Anticosti Island in Div. 4R and 4S. Approximately 87 and 89% of the
nominal catch in 1980 and 1981 was taken in these divisions.

The length composition of redfish >15 cm in Div 4RST in 1982 from the
research vessel survey showed an abundance of fish at 26-29 cm, similar to the
commercial frequencies (Fig. 5). Larger redfish were relatively more abundant
in the research length frequency however than in the commercial length frequencies
which represented the bulk of the catch (Maritime and Quebec vessels fishing
in Div 4R and 4S). This suggested that the commercial fishery was largely
carried out in the area where the abundant year-classes of the early 1970's
were concentrated. A large number of small redfish, having modal length 9 cm,
were also caught. This length group may represent the first good year-class
since those of the early 1970's.

The catch at age for 1981 (Table 5) was dominated by 9 and 10 year old
fish, the 1971-72 year classes, as was the 1980 catch at age (Table 6). The
mean weight at age, as calculated for 1981, showed fish of ages 7-16 to be
heavier and ages 17-27 to be lighter than estimated using the "standard"
age/weight relationship for redfish (Table 7). This difference would influence
yield per recruit calculations. The F0 . 1 would be higher using the 1981
weight at age rather than the standard relationship.

The partial selection patterns for 1978-81 (Fig. 6) illustrated a shift
in the ages of full recruitment from older to younger fish. In 1980 and 1981,
when the early 1970 year-classes began to reach an acceptable commercial size
(>25 cm. approximately), younger fish became fully recruited while the selection
on older fish dropped off. Catch rates increased substantially at the same
time. Such a pronounced shift in the partial selection pattern is entirely
likely with redfish stocks as fish of different length groups are stratified
by depth. The commercial fishery may obtain higher catch rates by concentrating
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fishing at depths where abundant year-classes are localized. The dome-shaped
partial selection pattern derived for 1981 (Table 9) was therefore considered
the best estimate for use in cohort analysis.

Several cohort runs were made with F = .07, .14, .20, and .25. The
commercial abundance index was not used t distinguish between the several
runs as the large increases in the index in 1980 and 1981 were not considered
to be proportional to increases in the population but rather to the concentration
of the early 1970 year-classes. The criterion used to determine FT was a
comparison of the abundance of the 1956 and 1958 year-classes from the research
surveys in 1976 and 1978-81 with that from the various cohort runs. The
abundances of the 1954-60 year-classes from the surveys and cohort runs were
summed, to cover errors in ageing, and are shown in Table 8. As one year
(1977) was missing from the survey data and some inconsistencies were present
in the series, the data were fitted to an exponential decline (r = -0.85) and
the predicted values used in the comparison. All series were standardized to
their respective means. Closest agreement in the final years was found with
an average F on the 1954-60 year-classes of 0.05 which implied F = 0.14.
Thus FT = 0.14 was chosen as the best estimate for F T in 1981. The resulting

estimates of population numbers, mid-year biomass, and F values at age for
1972-81 are shown in Tables 10, 11, and 12 respectively.

For yield per recruit calculations and projections, a flat-topped partial
selection pattern was used (Table 9) as a better reflection of long-term
conditions than a dome-shaped one. The F o . 1 value was 0.16, (Table 13)
considerably higher than last year's which was 0.12 (McKone et al, 1981). The
1981 partial selection pattern, showing full recruitment at an older age than
in 1980, and the weight at age differences between 1981 and 1980 would both
contribute to the change. For projections, F o . 1 = 0.15 was used as an approximate
average value for redfish. Recruitment in 1982 and 1983 was calculated as the
geometric mean from cohort population numbers (Table 10), which equalled
72.6X10 6 fish.

Population numbers, catch biomass and fishing mortalities to 1983 are
shown in Table 14 assuming the TAC of 28,000 t is caught in 1982 and fishing
is at Fo . 1 = 0.15 in 1983. The suggested catch in 1983 was 37,000 t, 35% from
the 1970-72 year-classes. The results for fishing at Fo . 1 = 0.15 in both 1982
and 1983 are shown in Table 15. The suggested catches were 38,000 t and
36,000 t (25% and 35% from the 1970-72 year-classes) in 1982 and 1983 respectively.
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Table 1. Monthly redfish landings by Canadian OT vessels fishing in Division
4RST in 1981.

Divisions

4R
	

4S
	

4T
Month
	

Can 	 Can 	 Can
	

Can 	 Can 	 Can
	

Can 	 Can 	 Can
M 	 N 	 Q
	

M 	 N 	 Q
	

M 	 N 	 Q

January
February
March
April
May
June
July
August
September
October
November
December

Div. Totals
(all gears)

Area total

4 74
11 82 2 1

31 2 28 13
18 6 4
12 8

593 292 635 122 203 808 98 400
720 33 304 598 701 722 400

1,133 8 886 816 124 1,467 179 196 100
869 236 968 415 49 1,282 58 57 1
301 322 866 405 1,119 22

6 11 1 6 1

8,651 9,441 2,271

21,087
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Table 2. Redfish length frequencies collected in 1981 from Canadian OT
vessels fishing in Divisions 4RST.

Divisions

Month 	 4R 	 4S 	 4T

January 2
February 1
March
April
May 1
June 5 3 	 2
July 8 4
August 17 3
September 1 1
October 1
November
December
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Table 3, Results of the regression, weighted by effort, of ln(ratCh rate)
versus vessel type, month, division, and year categories (Type 1, 2, 3, and 4
respectively) for Div. 4RST r8dfish'

MULTIPLE n^,,,^^^^^^°.^O.764
MULTIPLE n sou^nso^^^^.O^584

^x4L,szs or 	 v^p:z^xcc

souncc OF SUMS OF
v^nzATzox 	 '
-_-------

nr
--

SQUARES
------_

soo(ncs
_--_---

F.-n^Lus
__--_-_

zuTsncspT 1 8. 608E1 8^808s1

ncsncsSzox 37 7^ 7^1S0E 56^698TYPE 	 1 5 64520:1 1^304s1 1034415
T'pc 	 2 8 1^647s2 2^059s1 163.286TYPE 	 3 2 94078c0 4,539s0 35,994
rrps 	 4 22 1^154c2 5^244s0 41^585

nsszi'uiL.s 1492 1^881^2 1,261c-1

TorIL 1530 5^388s2

Table 4. The nominal catch, catch rate trends, and standardized effort for the Div.
4RST redfish stock, 1959-81. The proportion of the nominal catch used in the
standardization procedure is also listed.

ToT.ZL nsL^Tzvs powsn

--_-
CATCH
---_-

pROp,
_--_-

.
_---

S.E.
--_-

srFon7
_-----

1959 16978 0.392 1°000 0,000 1^978
1960 12218 0^390 1,010 0,107 12094
191 10391 O,394 1.001 0^107 10376
1962 6585 0,211 0^753 0^105 8750
1963 19794 0^361 4450 0~145 13653
1964 2970O 0,162 1^510 0^177 19664
1965 48827 0^243 14684 0.157 28999
1966 65215 0°332 1^929 0~164 33815
1967 70036 01260 2^235 0^201 31336
1968 90963 0.395 2,109 0,166 43130
1969 68875 04494 1.474 0.109 60285
1970 87508 0!555 1^204 04087 72773
1971 79406 0.532 1,158 84084 68574
1972 80329 0.742 1^299 0°097 61838
1973 130164 0.834 1.138 0~083 114411
1974 63458 0^793 0^805 0°060 78875
1975 65401 0,820 0.770 0^057 84912
1976 37983 0,728 0^721 0,063 52645
1977 15840 0°498 0.800 0^075 19809
1978 13591 0.581 1.005 0,098 13525
1979 15034 0^604 1.112 04109 13522
1980 1.754 01315 2^100 0^273 7026
1981 21087 0^329 2^717 0^344  7762
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Table 5. The average weight at age (kg) and catch at age (no. X 10- 3) and its 
variance for the Div. 4RST redfish stock 1981. 

AGE WEIGHT CATCH VAl": (CATCH) STO. Ef':f;;OR COEF,VAR 

----- ---- --------- -------- -------
6 0.085 4 0.001 0.03 0.01 
7 0.165 308 4270.851 65.35 O~21 
a 0.219 2586 196108.149 442.84 0.17 
$' 0.263 10810 1005·()81 .838 1002.84 0.09 

10 0.293 11974 1254B67.S69 1120.21 0.09 
11 0.320 7276 919605.205 905.32 0.12 
12 0.346 5222 598513 •.531 773.64 0.15 
13 0.388 3449 269169.2·17 518.82 O.1~;; 

14 0.406 2085 142869.303 377.98 0.18 
15 0.454 1219 60120.295 245.19 0.20 
16 0.465 940 41194.931 202.97 0.22 
17 0.502 328 11608.238 107.74 0.33 
18 Oi535 401 14291.948 119.55 O.3() 
19 0.522 973 47561.301 218.09 0.22 
20 0.569 858 29443.913 171.59 0.20 
21 0.552 1133 42538.820 ~O6.25 O. 1:3 
22 0.621 1192 42090.840 205.16 0.17 
23 0.613 2120 69280.060 263.21 0.12 
24 0.626 1235 48135.237 219.40 o. HI 
,., l~" 

.:....1 0.6132 155~) 45323.725 212.89 0.14 
26 0.757 826 21885.823 147.94 0.18 
41'''1 
~/ 0.782 458 11369.778 106.63 0.23 
28 0.869 262 5924.725 76.97 0.29 
29 0.879 136 2224.5t9 47.16 C "/.<:'

' .. ..,1 ...J 

30 1.005 627 10875.897 104.29 0.1. iJ 



Table 6. The catch at age (no. X iO) for Division 4RST redfish,
1972-81. The estimated by-catch of small redfish (ages 5-8) in the
Port aux Choix shrimp fishery were added to the catch at age from
1976-80.

GULF FEt'FXSH C'TC1-I AT

AGE 	 1 1972 1973 1974 1.975 1976 1977
-----4------- 1_1____I ---------------- -------

5 	 I 142 273 170 355 7359 3801
6	 I 1272 639 693 620 1482 2119
7	 I 784 3112 292 290 1073 824
3 	 1 944 2330 444 401 372 669
9	 I 1887 803 510 448 188 620

10 	 I 4297 3434 216 286 44 416
11 	 I 2938 8043 403 161 146 409
12 	 1 6366 2497 463 329 125 236
13 	 I 2588 12050 2240 974 383 171
14 	 I 14034 7060 5381 1654 716 177
15 	 I 7971 76633 6364 2956 1836 79
16 	 I 66593 8222 28739 4572 3913 123
17 	 I 5102 83382 7953 25149 4025 509
18 	 I 7659 5583 37269 5771 15842 379
19 	 I 4299 9916 2989 41020 3380 2959

• 20	 I 3697 7166 3387 4156 16519 1273

21 	 1 2471 4540 1371 3453 1533 5259
22	 I 2598 4333 1233 3489 21131 2519
23	 I 2366 4934 471 2634 1431 2314
24	 I 1168 1306 1168 1632 1317 1814
25 	 I 5840 2277 825 1356 543 1160
26 	 I 1 7963 1.615 1106 430 1027
27	 I 1 1 5844 2080 403 229
28 	 I 1 1 1 7259 659 515
29 	 1 1 1 1 1 2370 196

	1978 1979 1980	 1981

	

3363 2266 	 125 	 1

	

2656 2378 	 285 	 4

	

511 2233 2728 	 308

	

280 2899 7800 	 2586
800 2373 7928 10010
708 2753 5723 11974

	

491 1902 2141 	 7276

	

372 1838 1516 	 5222

	

131 	 931 	 853 	 3449

	

131 	 510 	 532 	 2085

	

153 	 326 	 531 	 1219

	

86 	 346 	 265 	 940

	

247 	 8117 	 306 	 328

	

1003 1131 	 300 	 401

	

1399 2392 	 500 	 973

	

3621 1943 1601 	 858

	

1294 3376 	 921 	 1133

	

3463 1542 2446 	 1192

	

4425 3048 1348 	 2120

	

1027 1013 2219 	 1235

	

725 	 869 	 322 	 1555

	

222 	 905 . 505 	 826

	

222 	 506 	 298 	 458

	

315 	 522 	 234 	 262

	

103 	 102	 78 	 136

Table 7. The weight at age (kg) for Div. 4RST redfish 1972 780 was
derived from the "standard" redfish age/weight relationship while
that for 1981 was calculated using commercial sampling data.

GULF r.:EEF:iI--I WEIGI-IT AT AGE (KG)

AGL. 1 	 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981
----+-------- -...-- 	 --------------------------- ------.---- ------------------------------------

5 I 	 0.090 0.090 0.090 0.090 0.090 0.090 0.090 0.090 0.090 0.090
-6 I 	 0.103 0.103 0.103 0.103 0.103 0.103 0.103 0.103 0.103 0.085
7 	 -I 0.135 0.135 0.135 0,135 0.135 0.135 0,135 0.135 0.135 0.165
8 I 	 0.169 0.169 0.169 0.169 0.169 0.169 0,169 0.169 0.169 0.219
9 I 	 0.205 0.205 0.205 0.205 0.205 0.205 0.205 0.205 0,205 0.263

10 j 	 0.243 0.243 0.243 0.243 0.243 0.243 0.243 0.243 0.243 0,293
11 1 	 0.2112 0.282 0.282 0.282 0.2132 0,282 0.282 0.282 0.282 0.320
12 1 	 0.322 0.322 0.322 0.322 0.322 0.322 0.322 0.322 0.322 0.346
13 1 	 0.362 0.362 0.362 0.362 0.362 0.362 0.362 0.362 0.362 0.388
14 I 	 0.403 0.403 0.403 0.403 0.403 0.403 0.403 0.403 0,403 0.406
15 I 	 0.443 0.443 0.443 0.443 0.443 0.443 0.443 0.443 0.443 0.454
16 I 	 0.482 0.482 0.482 0.482 0.432 0.402 0.482 0.482 0.482 0.465
17 I 	 0.521 0.521 0.521 0.521 0.521 0.521 0.521 0.521 0.521 0.502
18 I 	 0,559 0.559 0.559 0.559 0,559 0.559 0.559 0.559 0.559 0,535
19 I 	 0.596 0.596 0.596 0.596 0.596 0.596 0.596 0.596 0.596 0.522
20 I 	 0.631 0.631 0.631 0.631 0.631 0.631 0.631 0.631 0.631 0.569
21 I 	 0.665 0.665 0.665 0.665 0.665 0.665 0.665 0.665 0.665 0.552
22 I 	 0.693 0.698 0.698 0,698 0.693 0.6913 0.696 0.698 0.698 0.621
23 I 	 0.730 0.730 0.730 0.730 0.730 0.730 0.730 0.730 0.730 0.613
24 I 	 0.759 0.759 0.759 0.759 0,759 0.759 0.759 0.759 0.759 0.626
25 I 	 0.788 0.739 0.733 0.7133 0.788 0.788 0.738 0.738 0.788 0.682
26 I 	 0.015 0.815 0.015 0.815 0.815 0.815 0.815 0.815 0.015 0.757
27 1 	 0.841 0.841 0.841 0.1141 0,84]. 0.841 0.841 0.841 0.841 0.782
28 I 	 0,866 0.866 0.866 0.366 0,866 0.666 0.866 0.866 0.366 0.869
29 1	 0,339 0.389 0.889 0.1139 0.389 0.009 0.009 0.889 0.889 0.079
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Table 8. Abundance of 1954-60 year-class (nos. X 10 6 ) from research vessel
surveys are compared with estimates from cohort analysis covering a range of
average F values for Divs 4RST redfish. Research values were fitted to an
exponential decline (1nY = 5.85-0.15X, r = -.85). Each series was standardized
to its 1976-78 mean value.

Predicted Cohort
Year Ages Research Research FAV .025 FAV .05 FAV .073 FAV .09

1976 16-22 264.83 299.33 712.82 422.03 334.80 294.11
1977 17-23 257.44 599.95 336.83 257.91 221.09
1978 18-24 300.99 221.42 528.39 290.31 218.90 185.58
1979 19-25 172.06 190.43 462.66 247.24 182.62 152.48
1980 20-26 147.32 163.78 405.14 210.22 151.75 124.47
1981 21-27 144.11 140.86 357.21 180.83 127.93 103.25

Mean (1976-1978) 	 259.40 	 613.72 	 349.72 	 270.54 	 233.59

Standardized to mean

Predicted Cohort
Year Research FAV .025 FAV .05 FAV=.073 FAV .09

1976 1.15 1.16 1.21 1.24 1.26
1977 0.99 0.98 0.96 0.95 0.95
1978 0.85 0.86 0.83 0.81 0.79
1979 0.73 0.75 0.71 0.68 0.65
1980 0.63 0.66 0.60 0.56 0.53
1981 0.54 0.58 0.52 0.47 0.44
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Table 9. The partial selection pattern used in cohort analysis (domed) and
the partial selection pattern (flat-topped) and weight at age used for yield
per recruit and catch projections for Div.4RST redfish.

Partial selection 	 Weight
Age 	 Domed 	 Flat-topped 	 at age (kg)

5 .003 .003 .090
6 .003 .003 .085
7 .045 .045 .165
8 .137 .137 .219
9 .398 .398 .263

10 .408 .408 .293
11 .549 .549 .320
12 .703 .703 .346
13 1 1 .388
14 1 1 .406
15 .862 1 .454
16 .332 1 .465
17 .332 1 .502
18 .332 1 .535
19 .332 1 .522
20 .451 1 .569
21 .451 1 .552
22 .451 1 .621
23 .370 1 .613
24 .329 1 .626
25 .327 1 .682
26 .327 1 .757
27 .292 1 .782
28 .215 1 .869
29 .215 1 .879
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Table 10. Population numbers eX 10- 3) from 1972-81 for Division 4RST redfish from 
cohort for FT =0.14 and using a dome-shaped partial selection vector. 

F·OPUL.ATIOI-I I~UHi'E~:S 

AGE I 1972 11'73 1974 1';'75 1976 1977 1978 17'79 1980 1981 

----+-----------------------------------------------------------------------------------------
" 
::; 50881 72720 131134 205313 401131 333385 20220$ 66196 10103 2256 

38541 45904' 65541 118493 185437 355959 296043 179761 57741 9023 
7 61333 ::3663 40928 58640 106627 166381 320069 267154 160393 51975 
a 23143 5'~731 27500 36755 52783 95460 149764 289124 239607 142534 
9 32418 20043 47277 24460 32876 47407 85739 13524,~ 258853 209386 

10 75192 27538 17372 42293 21706 29568 42305 76819 120119 226678 
11 54594 63949 21651 15513 37996 19599 26359 37606 66890 103243 
12 98346 46604 50213 19207 13884 34241 17345 23384 32219 58·188 
13 91803 82931 39794 44994 17066 12443 30758 15340 19410 27710 
1-1 334704 80659 62816 33876 39786 15078 11097 27707 12995 167:51 
15 123621 289;;0·i 66268 51720 29079 35319 13475 9916 24585 11252 
16 421940 10·1:174 189058 5390£1 43986 24565 31883 12047 8662 21740 
17 88,,·40 319-10)1 86530 143729 44429 36078 22111 28767 10571 7536 
18 70662 75351 204066 7073'. 106129 36372 32161 19772 25185 9274 
19 51815 56652 62870 149195 58510 80900 32550 28146 16814 22503 
20 27705 42795 41828 540-14 95978 49727 70441 28122 23192 14739 
21 lS719 21552 31906 34626 44948 71131 43734 60294 23598 19462 
22 173-17 14;:;98 15175 27566 28046 39212 59360 38387 51344 20476 
23 11179 1 '3;~25 907S 1'2558 21624 23350 33084 5t)41::! 33267 44132 
24 13900 7665 721'3 77b6 as57 18205 18927 2~727 42715 28819 
25 85049 11466 5874 5470 5474 6762 14747 16149 22315 36540 
26 12 71401 8209 4530 3659 4437 SOlS 1U54 137g6 19409 
2·7 ...,.., 10 57031 ~;701 2971 2902 3038 4326 10599 ll f/93 
28 7 13 tl 46045 3180 2300 2 ..108 2538 3433 9293 
29 10 :5 10 6 347.58 2251 1591 1879 1800 238'1 
----+--------------------------------------------------------------------------------------_ .._

5-1- 1791634 1 :.;5~'\O3 1239408 1267139 1440923 1543092 156~i261 1457471 1290185 11281:;3 
6+ 1740753 1~8:=.182 1153273 1061826 1039792 1209707 1366054 139127:· 1280082 1125t1'l7 
7+ 17(,221.2 1437278 1092733 943332 85435-4 S~;37-l9 1068010 121151.01 1222341 11l6.Si'4 
s~· 1640879 1'l()3615 1051805 884693 747727 687368 747941 9·H360 106194<l 1064899 
9-1' 161773"s 1348Sb~) 102·1306 B47ns 694943 591903 59ril77 655236 822341 92~36!j 

10 ... 1::85319 1328f:·22 977029 B'23477 662067 S·i'!::;01 51243B 519990 563468 712';'79 
11+ IS:0126 1301284 959657 781185 6·10361 51-l933 470133 443171 443370 436301 
1~?+ 1·"t~5532 1237335 93800; 765672 602365 495334 443774 405565 376-180 383057 
13+ 13571$7 1190731 887794 746465 588482 461093 426"}2'j' 382181 3442b2 32456'1' 

http:121151.01
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Tab1: 11. Mid-year popu1ati on biomass (t) from 1972-81 for Division 4RST 
redflsh from cohort for FT =o. 14 and using a dome-shaped partial selection 
vector. 

PQ?'U~~":"!ON l"lOMAS!; (lo(I!'-YEI\I':) 

AG£____ + _________________________________________________ ______________________________ JI 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

5 4351 6216 11224 17569 34029 28385 17169 55'69 B60 193 
6 3713 4467 6389 11583 18101 34783 29079 17499 5645 730 
7 7827 4114 5239 7514 13627 21320 410S5 34113 2042-l 8136 
8 3643 8606 4386 597S S4S8 15297 24062 46257 37883 29426 
9 6132 3828 9171 4720 6395 9186 16646 26144 49694 SOc;'94 

10 16869 594£> 3991 9746 50H 6788 9698 17433 27087 61463 
11 14239 16019 5754 4141 10176 5203 7005 9826 17652 30281 
12 29115 1~;Ja1 15313 5S33 4234 10455 5256 6870 9630 18356 
13 31182 26212 13306 1532.6 5811 10572 5117 ... .,),) 95594256 6"~-

14 12SS5S 29511 23007 12061 15116 5747 4230 10524 4877 6046 
15 50357 104·\26 26525 21153 11854 14872 5647 4109 10249 4584 
16 177203 45951 79703 23626 19233 11239 14604 5443 3910 1404 
17 <\2626 113911 40528 66.594 20979 17757 10999 14034 5162 3542 
IS 35440 38528 97937 'l6015 51975 19244 16831 10203 13315 4615 
19 2210S 29124 34774 71899 32184 45045 18048 15251 9389 1<>'l27 
20 15460 23~OO 24050 31144 52332 29463 41164 16276 13423 7736 
21 HOlS 120S8 19739 20762 2794() 43270 27282 37040 14630 9913 
'1") 10604 8108 9/,50 1709'l 17887 25171 38225 24964 33259 11733""2::. 68S0 7266 6135 7738 14502 15375 21354 33914 22622 25100 
24 9597 5177 4803 4974 5992 12459 132&4 18201 30016 11,785 
'1e.
... iJ 61495 7630 40,76 3549 3891 4606 10775 11770 16413 23189 
26 9 5:'117 56<:'6 3012 2662 301\) 3800 9446 10488 13673 
27 1 ~, 7 43179 36l:~ 2204 2226 2338 32~9 8350 8748 .,...,~ 

"-0 ... 10 6 34759 232B 1666 18-)7 1860 2729 7576 
2y S 4 S 5 28357 1317 1301 1545 1438 2377 
----+-------------------------------------------------------------------------------

:5+ 69150! 58£50(, 494799 438921 415179 388638 392199 3S6716 375727 375037 
6~' 6S71':, SSO~f;4 433576 4213Z2 381150 3002S.3 3750:;0 381147 374667 374894 
7+ 6b3 ..f3i· 575817 477187 4097,,9 363049 32~i'171 345952 3630.19 369222 374165 
8.;· 1.7S.=,(i"? 5'1702 411949 40225;; 349422 304150 304867 329476 348798 366049 
9+ 611906 56301'7 ·167563 396377 :H0964 288854 230804 2S3219 310916 3366&3 

10+ 665834 5~;9:!68 458392 391t.51 33·1570 27~66£; 264159 257075 261222 2SS€.09 
11+ 64Cl9.!.6 5~"332v 45-";.0171 381905 329S~6 272830 2'54461 Z;?;9M2 234135 2241-16 
1 ..... 4- 63·\726 ~37301 4-\S646 377764 319379 267/,i'S 247455 229816 216483 1939b::; 
LH b,,"'~i,t,i 1 323420 .... ..).,:. .,:,..=. ..') 371931 315145 257223 21\2200 2229'16 206953 1755,:>9 
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Table 12. Fishing mortalities from 1972-81 for Division 4RST 
redfish from cohort for FT = O. 14 and us ing a dome-shaped 
partial selection vector. 

PISHING MORTALITY 

AGE! 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

----+----------------------~------------------------.-------------
5 0.003 0.004 0.001 0.002 0.019 0.012 0.018 0.037 0.013 0.000 
6 0.035 0,015 0.011 0.006 0.008 0.006 0.009 0.014 0,005 0.000 
7 0.014 0,102 0.008 0.0050.011 0.005 0.002 0.009 0.018 0.006 
B 0.044 0.047 0.017 0.012 0.007 0.007 0.002 0.011 0.035 0.019 
9 0.063 0.043 0.011 0.019 0.006 0.014 0.010 0.019 0.033 0.056 

10 0.062 0.141 0.013 0.007 0.002 0.015 0.018 0.038 0.051 0.057 
11 0.058 0.142 0.020 0.011 0.004 0.022 0.020 0.055 0.034 0.077 
12 0.070 0.058 0.010 O.OlS 0.010 0.007 0.023 0.086 0.051 0.098 
13 0.030 0.178 0.061 0.023 0.024 0.015 0.004 0.066 0.047 0.140 
14 0.045 0.097 0.094 0.053 0.019 0.012 0.012 0.020 0.044 0.140 
15 0.070 0.326 0.106 0.062 0.069 0.002 0.012 0.035 0.023 0.121 
16 0.181 0.087 0.174 0.093 0.098 0.005 0.003 0.031 0.033 0.046 
17 0.062 0.345 0.102 0.203 0.100 0.015 0.012 0.033 0.031 0.046 
18 0.121 0.081 0.213 0.090 0.171 0.011 0.033 0.062 0.013 0.046 
19 0.091 0.203 0.051 0.341 0.063 0.039 0.046 0.094 0.032 0.046 
20 0.151 0.194 0.069 0.084 0.200 0.027 0.056 0.075 0.075 0.063 
21 0.149 0.251 0.046 0.111 0.037 0.081 0.032 0.061 0.042 0.063 
22 0.171 0.374 0.089 0.143 0.083 0.070 0.063 0.043 0.051 0.063 
23 0.252 0.498 0.056 0.249 0.072 0.110 0.152 0.066 0.044 0.052 
24 0.092 0.192 0.185 0.250 0.170 0.111 0.059 0.042 0.056 0.046 
25 0.075 0.234 0.160 0.302 0.110 0.199 0.053 0.058 0.039 0.046 
26 0.094 0.125 0.265 0.322 0.132 0.279 0.048 0;078 0.039 0.046 
27 0.073 0.116 0.114 0.484 0.156 0.087 0.080 0.131 0.030 0.041 
28 0.164 0.087 0.146 0.181 0.246 0.268 0.148 0.244 0.074 0.030 
29 0.111 0.218 0.106 0.191 0.074 0.096 0.070 0.059 0.047 0.030 

Table 13. Yield per recruit analysis for Div. 4RST redfish 
as calculated using the 1981 partial selection and weight 
at age vectors presented in Table 9. 

FISHING ::<l,.CH ~'I EL.D AI/G. WEIGHT YIELD PER 
MOI':TALITY 
----_ ........ _-

UIUMItEF:)---_._-- (KG) 
-----

(KG) 

----------
UHIT EFFORT 

----------
0.1000 0.286 0.118 0.413 1.361 

"0.1--- 0.1607 0.361 0.139 0.386 1.000 
0.2000 0.394 0.147 0.372 0.840 
0.3000 0.451 0.156 0.346 0.600 
0.4000 0.487 0.160 0.329 0.461 
0.5000 0.513 0.162 0.316 0.373 
O. t,ooo 0.533 0.163 0.305 0.313 
0.7000 0.550 00163 0.297 O. ~!69 
0.8000 0.563 0.164 0.291 0.236 . 

FMA;';-- 0.8821 0.572 0.164 0.286 0.214 
0.9000 O. :)74 0.164 0.285 0.210 
1.0000 o. ~':;84 0.164 0.280 0.189 
1. 1000 0.593 0.163 0.276 0.171 
1.2000 0.601 0.163 0.272 0.157 
1.3000 0.608 0.163 0.268 0.145 
1.4000 0.614 0.163 0.265 0.134 
1.5000 0.620 0.163 0.262 0.125 
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Table 14. Projected population numbers (X 10- 3 ), catch 
biomass (t), and fishing mortalities to 1983 for Divis;9n 
4RST redfish, given that the TAC of 28,000 t is caught 1n 
1982 and fishing 1S at FO.l = 0.15 in 1983. 

POPULATION NUMBt:;:R'S 	 C':'TCH lHOMASS 

AGe: I 1981 1982 1983 AGe: I 1981 1982 1983 

----+-------------------------- -----+--------------------
:5 2256 72600 72600 5 I 0 2 3 
6 90;::3 2040 65667 6 I 0 0 3 
7 ~;197 5 8160 1845 7 f 51 6 2 
S 142534 46736 7348 8 I '566 146 31 
9 209386 126512 41657 9 I 2843 1352 605 

10 226678 179186 109588 10 I 3508 2183 1814 
11 103243 193727 155054 11 I 232S 3445 3737 
12 58488 86505 165059 1..'. I la07 2112 5445 
13 27710 47961 72472 13 I 1338 1£139 3732 
14 16751 21799 38895 14 I 847 874 2096 
15 11252 13177 17677 15 553 591 1065 
16 21_740 9024 10686 16 437 415 660 
17 7586 18778 7318 17 165 931 488 
18 9274 6552 15228 	 18 215 346 1081 

19 508 413 36819 22503 8011 5314 

20 14739 19437 6496 
 20 '1st; 1093 491 
21 19462 12521 15763 21 625 683 115::1 
22 20476 16534 101:54 22 740 1014 837 ..,23 44132 17395 13408 .. ..) 1300 1054 1091 
24 28819 37917 14107 24 773 2345 1172 
25 36540 24903 30750 25 1061 1678 2783 
26 1'1"·109 31584 20195 26 62~; 2362 20Z9 

27 11993 16777 25614 27 358 1296 2658 
28 9298 1041"l 13606 28 n8 894 1569 
29 2864 8164 8448 29 120 709 986 
30 0 2480 6621 30 0 215 772 
31 0 0 2012 31 0 0 235 
----+-------------------------  ----+-------------------- 

5+ 1128153 1038895 9:53582 5i- I 21484 28000 36906 
6+ 1125f:!97 966295 880982 6-;- I 2148-1 27998 36903 
7+ 1116874 964255 615315 7+ 21484 27998 36900 
B+ 1064899 956095 813470 8+ 21433 27991 36898 
9+ 922365 909358 806122 9+ 20867 27846 36867 

10+ 712979 782646 764466 LO" J 18024 26494 36262 
11+ 486301 603660 654878 U+ 14513 24312 34446 
12+ 383057 409933 499624 12+ 12187 20866 30712 
13-+- 324569 323428 334765 13+ 10380 18754 25267 

FISHING /ojOF<TALITY 

~GE I 15-81 1982 1983 
----+----------------- 

5 0.000 0.000 0.000 
{;, 0.000 0.000 0.000 
7 0.006 0.005 0.007 
8 0.019 0.015 0.021 
9 O. 0~)6 0.044 0.060 

10 0.057 0.045 0.061 
11 0.077 0.060 0.082 
1 " <- 0.098 0.077 0.105 
13 0.140 0.110 0.150 
14 0.140 0.110 0.150 
15 0.121 0.110 0.150 
ll.() 0.046 0.110 0.150 
17 0.046 0.110 0.150 
1B 0.046 0.110 0.150 
1 'I 0.046 o.ut) 0.1:';0 
20 0.063 0.110 0.150 
21 0.063 0.110 0.150 
22 0.063 0.11.0 0.150 
23 0,052 C•• 110 0.150 
24 0.046 ".110 0.150 
'"j." 0.0-16 0.110 0.150--'-' 
2ft 0.046 0.110 0.150 
27 O.()i\l 0.110 O.l30 
23 o. o:~o 0.110 O.:L 50 
:: 'i 0.0:;1 0.110 0.130 
30 0.000 0.110 0.150 
31 I 0.000 'J.OOO 0.150 
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Table 15. Projected population numbers (X 10- 3), catch biomass 
{t}, and fishing mortalities to 1983 for Division 4RST redfish,
given that fishing 	;s at FO,l = 0.15 in 1982 and 1983, 

CATCH l~IOMASSr-OPUl.ATIOH I-IUM8ERS 

&11:,£AGE 19132 1983 I 1981 1982 1983 
----+-------------------------- ----+-------------------- 

! 1981 

.. 	 72600;J 2256 72600 5 0 3 3 

.; 9023 2040 65658 6 0 0 :3 
7 51975 8160 1845 7 :51 9 2 
8 142534 46736 7334 a 566 H9 31 

209386 126512 41426 9 2843 1837 601 
10 226678 179186 107635 10 3508 2966 1785 
11 103243 193727 152516 11 2328 4668 3675 
12 58488 86505 161429 12 1807 2853 532S 
13 277J.0 47961 70438 13 1338 2470 3627 
14 16751 21798 37352 14 847 1175 2013 
15 11252 13177 16976 15 553 794 1023 
16 21740 9024 10262 16 437 557 633 
17 7586 18778 7028 17 165 1251 468 

'J 

., .. 1'.:'18 9274 6552 14624 18 .1.., 465 1038 
19 22503 6011 5103 19 SOB 555 354 
20 14739 19437 6239 20 488 1408 471 
21 19462 12:521 15138 21 625 917 1109 
22 20476 16534 9751 22 740 1363 804 
23 44132 17395 12876 23 1300 1415 1048 
24 28819 37917 13547 24 773 3150 1126 

,">c'
25 365-\0 24903 29530 ..:.. ••J 1061 2254 2673 
26 1940i' 31584 19394 26 625 3173 H'49 
27 11993 16777 24598 2l 358 1741 2553 
28 9298 10417 13066 28 228 1201 1507 
29 2884 8164 8113 29 120 952 946 
30 0 2480 6358 30 0 289 742 

31 0 0 1932 	 31 0 0 225 
----+-------------------- ----+-------------------------

:;i+ 1128153 1038895 932968 5+ I 21484 37726 35733 

6+ 1125897 966295 860'368 6+ I 21484 377n 35730 

7+ 1116874 964255 794709 7+ I 21484 37723 35728 

8'~ 1064899 956095 792864 3+ I 21433 37715 35726 

9+ 922365 909358 785530 9+ I 20867 37516 35694 

10+ 7129/9 782846 744104 10+ I 1B024 35679 35093 

11+ 486301 603660 636269 11+ I 14515 32713 33308 

12+ 383057 409933 483754 12+ I 12187 26045 29633 
324569 323428 322324 13+ I 10380 25191 2430813+ 

FISHHIG MORTALITY 

AGE I 1981 1982 1983 
----+----------------- 

5 I 0.000 0.000 0.000 
6 I 0.000 0.000 0.000 
7 I 0.006 0.007 0.007 
8 I 0.019 0.021 0.021 
9 I 0.056 0.060 0.060 

10 I 0.057 0.061 0.061 
11 0.077 0.082 0.082 
1.2 0.098 0.105 0.105 
13 0.140 0.150 0.150 
14 0.140 0.150 0.150 
15 Od 21 O. 1~;0 0.150 
16 0.046 0.150 0.150 
17 I 0.046 0.150 0.150 
18 0.046 0.150 0.150 
19 0.046 0.150 0.150 
20 0.063 0.150 0.150 
21. 0.063 0.150 0.150 
22 0.063 O.lS{· 0.150 
23 0.052 0.150 0.150 
24 0.046 0.150 0.150 
25 0.046 0.150 0.150 
26 0.046 0.150 0.150 
27 o.O·j1 (). 1 SO 0.150 
2tJ 0.030 (0.15(' 0.150 
29 0.0:51 (0.150 0.150 
30 0.000 0.150 0.150 
:~l 0.000 0.000 0.150 



17 


DIU <lRST RDllSH 
RELItTIClE POIIER OF 'YEARS 

195'-1951 
3.S' • 

3.00 

R 
E 
L 
It 
T 
I 
tI 
E 

p 
0 
u 
E 
R 

981 

Fig. 1. The tYlend in relative power of years from 1959 to 1981 
(with 95% C.l.) for Division 4RST redfish. Data for 1980-81 were 
preliminary for Maritime and Newfound1 and vessel s only. 
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Fig. 2a. Commercial length frequencies (no. per mille) for Division 4R redfish 
from Canada(M) bottom trawl vessels in 1981. 
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Fig. 2b. Commercial length frequencies (no. per mille) for Division 4R redfish 
from Canada(N) bottom trawl vessels in 1981. 
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Fig. 3b. Commercial length frequencies (no. per mille) for Div. 45 redfish 
from Canada(Q) botton trawl vessels in 1981. 
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Fig. 4b. Commercial length. frequencies (no. per mille) for Division 4T redfish 
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