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Nominal catches

Catches in 3Ps have declined from a high in recent years of 77,000 tons

(1968) to a low of 32,376 in 1977. The catches and their corresponding TAC's

are as follows:

1973 1974 1975 1976 1977

TAC ('000 tons) 	 70,000 70,000 62,400 47,500 32,500

Catch ('000 tons) 	 52,641 44,877 35,373 37,133 32,376

The TAC for 1978 is 25,000 tons.

Abundance indices

The results of survey data obtained in 3Ps were tabulated on the basis

of biomass estimates per strata for the years 1972-78. Where surveys were not

complete for all strata, methods of estimation were used (Bishop, 1977;

ICNAF Res. Doc. 77/VI/17). The results of methods 1-4 are shown in Tables

1-4. An additional method (5) is shown in Table 5. In this method, biomass

estimates of strata in the same depth range were added and the average abundance

per square mile was adjusted to the total area of the depth range. The

summary Table 6 indicates that the cod biomass has stabilized at the low level

of recent years.

Regressions of these estimates with catch per hour of Can N-0T5 for

the corresponding years gave 'r' values ranging from .65 to .89.
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Catch  composition

Age compositions obtained from the 1977 catch are shown in Tables

2 and 3 of CAFSAC Working Paper 78/14. The catch composition for 1975 was

re-evaluated and the adjusted figures are indicated in the VPA run in Table 7.

Fishing mortality

Several methods were used to obtain an estimate of F for 1977.

Table 8 compares total effort from 6 sources of catch per unit effort. These

were compared with average F values (6-10 years) from 1963 to 1973. They

regressions calculated did not give an adequate 'r' value.

Other fishing mortality estimates for 1977 were calculated using

methods indicated in Tables 9-11. The Paloheimo 'Z' estimate in Table 9

produced an estimate of 0.79, the In of the average abundance (catch/hr) by

year-class against year-class (Table 10) gave an estimate of 0.68, while the

average of regressions of the In of the catch at age for 1977 and 1976 (Table 11)

gave an estimate of .66. An average of these gave an estimate of 0.70, the

value subsequently used as terminal F in 1977.

Recruitment estimates

Estimates of recruitment are indicated in Tables 12 and 13. Table 12

and Fig. 1-3 indicate some regression values obtained by comparing year-class

strength from surveys with those calculated in the VPA. The relatively

high 'r' values obtained permitted the prediction of stock sizes (Table 13)

at age 3 using the survey abundance estimates of 1-3 year-olds from the 1976 and

1977 surveys.
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Stock abundance in 1977 and projection of catches

Using the terminal F of .70, the age composition of catch in 1977

and data from a previous VPA, the population size for 1977 was calculated

(Table 7). This population size with the calculated recruitment level of

4800 (Table 13) was used to project catches up to 1986 (Table 14). Recruitment

levels for 1978 and 1979 were calculated (Table 13) at 3600 and 4600. An

average of 1977-80 recruitment (4500) was used for years 1980-86. F values

for 1977 were calculated and the mean weight at age values were taken from

1977 catch data. The generated F for 1978, with catch based on quota, was

.45. The projection was run at the Fopt level 0.2 for subsequent years.

The calculated catch level for 1979 was approximately 15,000 tons.

Using the same projection data at Finax gave a catch value in 1979

of 21,000 tons (Table 15).

The projected catch in 1986 at Fopt was 34,000 tons while that at

Finax was 38,000 tons.

General production model

In attempting to obtain the best estimate of effort for this stock,

catch per unit effort data from 6 sources were considered (Tables 16-21). The

best correlation (r = .86) was obtained using C/hr from Can(N) OT, T.C. 5

at a 3-year moving average (Table 16, Fig. 4). Regression values were

calculated for all effort categories used (Tables 16-21) and MSY with effort

MSY values were calculated for each. The MSY values fluctuated between 59 and 66,000

tons while E MSY ranged from 45 to 102,000 hours.
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Using  Can N-0T5 effort data, a yield curve was calculated (Fig. 5)

using the 3-year moving average. The MSY for this curve was 62,000 tons and

the MSY effort was 75,000 hours. The figure also indicates the values for

2/3 MSY. The calculated catch from this curve is approximately 15,000 tons

at 2/3 MSY and 22,000 tons at MSY.
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Table 1 . 	 Biomass estimates (weights in thousands of kgs) from
stratified random cruises in Subdivision 3Ps using
Method 1.

STRATA # AREA (SQ. MILES) 1972 1973 1974 1975 1976 1977 1978 C.F.

306 419 846 835 376 719 214 161 416 .108

307 395 2918 6133 3919 884 1127 2097 3222 -

308 112 376 181 279 205 193 311 38 .048

309 296 662 975 479 311 178 192 103 -

310 170 1008 191 377 2183 261 0 154 .126

311 317 3885 590 2432 763 627 411 154 -

312 272 210 804 243 335 456 1047 343 .104

313 165 371 29 144 242 142 41 50 -

314 974 0 1314 1328 374 2357 249 0 .170

315 827 1480 0 592 431 1747 1550 692 .196

316 189 271 937 63 58 77 17 169 .048

317 193 101 286 589 164 551 491 261 .074

318 123 173 11 4 15 0 6 25 .007

319 984 4604 662 478 481 3102 2493 1412 .400

321 1189 1917 0 1876 592 1742 737 2037 .269

323 696 736 1344 1213 383 368 63 1652 .174

705 195 63 62 66 18 0 60 1 .008

707 93 157 155 5 44 0 228 71 .020

Ave. 1099 806 804 456 730 564 600



Table" 2. Biomass estimates (weights in thousands of kgs) from
stratified random cruises in Division 3Ps using Method 2.

STRATA # AREA (SQ. MILES) 1972 1973 1974 1975 1976 1977 1978

306 419 1131 844 376 719 214 161 416

307 395 2918 6133 3919 884 1127 2097 3222

308 112 302 181 279 205 193 311 38

309 296 662 975 479 311 178 192 103

310 170 1008 191 377 2183 294 0 154

311 317 3885 590 2432 763 627 411 154

312 272 210 548 243 335 456 1047 343

313 165 371 29 144 242 142 41 50

314 974 0 1963 1328 1760 2357 249 0

315 827 1480 0 592 1494 1747 1550 1299

316 189 271 937 63 58 77 17 297

317 193 101 286 589 164 551 491 303

318 123 173 11 4 222 0 6 193

319 984 4604 662 478 481 3102 2493 1546

321 1189 1917 0 2363 2148 1742 1744 2037

323 696 736 1403 1383 1257 368 63 1652

705 195 527 393 66 352 0 60 1

707 93 251 187 5 168 0 228 146

Ave. 1142 852 840 764 732 620 664



Table 3.- 	 Biomass estimates (weights in thousands of kgs) from stratified

STRATA 1972 1973 1974 1975 1976 1977

307 2918 6133 3919 884 1127 2097

309 662 975 479 311 178 192

311 3885 590 2432 763 627 411

313 371 29 144 242 142 41

	

Total 	 7836 	 7727 	 6974 	 2200 	 2074 	 2741 	 3529

	

Ave 	 1959 	 1932 	 1744 	 550 	 518 	 685 	 882

1978

3222

103

154

50



Table 4. Biomass estimates (weights in thousands of kgs) from
stratified random cruises in Subdivision 3Ps using
Method 4.

STRATA # AREA (SQ. MILES) 1972 1973 1974 1975 1976 1977 1978 C.F.

306 419 376 719 214 161 416 .906

307 395 2918 6133 3919 884 1127 2097 3222 5.96

308 112 181 279 205 193 311 38 .33

309 296 662 975 479 311 178 192 103 .55

310 170 1008 191 377 2183 0 154 .77

311 317 3885 590 2432 763 627 411 154 1.000

312 272 210 243 335 456 1047 343 1.02

313 165 371 29 144 242 142 41 50 .17

314 974 0 1328 2357 249 0 .98

315 827 1480 0 592 1747 1550 1.44

316 189 271 937 63 58 77 17 .32

317 193 101 286 589 164 551 491 .51

318 123 173 11 4 0 6 .02

319 984 4604 662 478 481 3102 2493 2.36

321 1189 1917 0 1742 2037 4.12

323 696 736 368 63 1652 2.91

705 195 66 0 60 1 .04

707 93 5 0 228 .19

Ave. 3277 3325 1916 929 1699 1364 2790



Table 5. Biomass estimates (weights in thousands of kgs) from
stratified random cruises in Subdivision 3Ps using
Method 5.

DEPTH R. STRATA 1972 1973 1974 1975 1976 1977 1978

0-30 314 0 1328 2357 249 0
320 729 1335

Tot. 0 729 1328 3692 249
Tot. Str. Area (mi 2) 974 1320 974 2294 974

31-50 308 181 279 205 193 311 38
312 210 243 335 456 1047 343
315 1480 0 592 1747 1550
321 1917 0 1742 2037
325 2 180
326 0

Tot. 3607 181 1114 540 4140 2908 2598
Tot. Str. Area (mi 2 ) 2288 2128 1211 384 3344 1211 2683

51-100 307 2918 6133 3919 884 1127 2097 3222
311 3885 590 2432 763 627 411 154
317 101 286 589 164 551 491
319 4604 662 478 481 3102 2493
322 5183 491
323 736 368 63 1652
324 8

Tot. 12244 7671 7418 2292 10966 5555 5519
Tot. Str. Area (mi2 )2585 1889 1889 1889 4646 2585 2975

101-150 306 376 719 214 161 416
309 662 975 479 311 178 192 103
310 1008 191 377 2183 0 154
313 371 29 144 242 142 41 50
316 271 937 63 58 77 17
318 173 11 4 0 6

Tot. 2 2485 2143 1443 3513 611 417 723
Tot. Str. Area (mi) 943 943 1362 1239 1192 1362 1050

151-200 705 66 0 60 1
706 23 76
707 5 0 228
715 1 31 142
716 92 781

Tot. 94 1 487 924
Tot. Str. Area (mi l ) 764 420 1435 866

Tot. Area Per
Depth Range

0-30 2294 0 1267 3128 3692 586
31-50 3510 5533 299 3229 4536 4346 8429 3399
51-100 4646 2700 18867 18245 5637 10966 9984 8619

101-150 1362 3589 3095 1443 3862 698 417 938
151-200 1435 177 3 487 1531



S

Table 6.Comparison of cod biomass estimates (weights in thousands of tons) obtained
from stratified random research cruises in 3Ps and values obtained from re-
gressions of Can (N) OT (T.C. 5) c/hr on these estimates.

CAN (N)
YEAR OT-R METHOD 1 METHOD 2 METHOD 3 METHOD 4

CPUE

1972 .548 1099 1142 1959 3277

1973 .530 806 852 1932 3325

1974 .535 804 840 1744 1916

1975 .204 456 764 550 929

1976 .415 730 732 518 1699

1977 .314 564 620 685 1364

1978 600 664 882 2790

M 	 .0564 	 .0517 	 .0171 	 .0120

Int. 	 .0049 	 -.0026 	 .2133 	 .1747

	

.8928 	 .6476 	 .8683 	 .8478

.338 (Estimated c/hr (1978) using Method 1)
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Table 8. Comparisons of total effort data from different
countries and tonnage classes and their relation
to the average F values calculated from the VPA
for cod in Subdivision 3Ps.

Year

Can (N)
OT 4
S.A.

Spain
PT 4
S.A.

Can (N)
OT 4

Spain
PT 4

Can 	 (N)
OT 5

Can (N)
OT 5

Standard
(6-10)

1963 89.2 53.8 91.7 47.7 86.6 .35

1964 129.4 51.8 110.3 36.5 104.2 .42

1965 72.7 51.3 68.8 33.2 73.5 67.9 .48

1966 93.0 50.3 80.8 42.1 75.2 75.7 .71

1967 143.8 51.9 125.0 47.6 83.9 97.9 .46

1968 112.4 53.2 115.8 44.1 106.8 108.0 .51

1969 76.7 44.8 74.4 38.7 79.1 74.3 .75

1970 169.2 64.2 152.6 56.0 121.9 132.0 .58

1971 110.7 53.7 116.5 50.0 101.5 105.6 .68

1972 58.9 48.5 57.6 42.6 80.9 65.0 .42

1973 174.3 76.2 146.6 61.8 99.3 115.4 .64

Slope 	 .0004 	 .0018 	 .0005 	 .0033 	 .0003 	 .0005

Inter- 	
.4997 	 .4489 	 .4927 	 .3974 	 .5574 	 .4997

cept

r 	 .1181 	 .1136 	 .1195 	 .2040 	 .0363 	 .0827



Table 9. 3Ps Cod - Paloheimo Z's.

Nos.	 in Catch
AGE 1972 1973 1974 1975 1976 1977

3 73 100 170 184 411 92

4 494 470 550 733 1,214 949

5 459 1,150 630 540 792 841

6 355 400 480 454 288 328

7 460 390 240 587 130 94

8 264 220 240 72 50 40

9 83 200 200 120 14 27

10 46 50 100 10 5 12

11 20 20 20 17 2 6

Effort 	 80,881 	 99,323 	 87,301 	 173,397 	 89,477 103,108
(Can N - OT 5)

7-10 	 853 860 780 789 199 173

8-11 490 560 219 71 85

S .4678 .7408 .1414 .1744 .3707

Z .76 .30 1.9564 1.75 .99

F .56 .10 1.76 1.55 .79



Table 10. 3Ps Cod - Calculation of F using 1976 and 1977
catch per hour by year class.

	

1976 	 1977

	

C/Hr. 	 C/Hr. 	 AVERAGE 	 In
YEAR CLASS 	 ('000) 	 ('000) 	 ABUNDANCE 	 ABUNDANCE

1973 4.59 9.20
1972 13.57 8.16
1971 8.85 3.18
1970 3.22 .91
1969 1.45 .39
1968 .56 .26
1967 .16 .12
1966 .06 .06
1965 .02 -

1964 - -

1086 6.99
6,02 6.40
206 5.33
.92 4.52
Al 3.71
.14 2.64
O6 1.79

SLOPE = -.88

INCERCEPT = 8.017

r 	 = .9985

Z = .88

F = .68
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Table 11. 3Ps Cod - Calculation of F using regressions of in
of catch composition at age against age.

AGE

Catch

1976

Composition

1977

In

1976

in

1977

3 411 92

4 1212 949 7.10 6.87

5 792 841 6.67 6.73

6 288 328 5.66 5.79

7 130 94 4.87 4.54

8 50 40 3.91 3.69

9 14 27 2.64 3.30

10 5 12 1.61 2.48

11 2 6 .69 1.79

Slope 	 -.95 	 -.77

r 	 .996 	 .991

F 	 .75 	 .57

Average F = .66



Table 12. Numbers caught at age from surveys compared
with numbers obtained from the V.P.A.

VPA
YEAR CLASS 	 1 YEAR 	 2 YEAR 	 3 YEAR 	 3 YEAR

1973 579 - 7855 5783
1972 20 1753 - 5310
1971 18 834 1745 3778
1970 - 527 1057 2776
1969 287 - 822 3223
1968 18 5765 - 5636
1967 174 1746 3219 3479
1966 141 25634 9512 5515
1965 - 5551 11601 7326
1964 885 - 11512 10014
1963 408 5062 - 8463
1962 620 5527 23002 8560
1961 68 3781 8368 7005
1960 - 1383 4558 4197

Slope 5.1941 .4090 .3626
Intercept 4550 2.3408 2.3734
r .69 .90 .91
df 9 8 9

Regression 	 AA 	 LL 	 LL
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Table 13. Predicted stock sizes at ages 1-3 in 1977 and 1978
based on survey abundance estimates and calculated
regressions.

SURVEY YEAR AGE YEAR CLASS
SURVEY

ABUNDANCE
PREDICTED

STOCK SIZE

1977 1 1976 6 4581
2 1975 136 1634
3 1974 2197 3847

1976 1 1975 203 5604
2 1974 2855 5677
3 1973 1855 3618

AVERAGE RECRUITMENT AT 3 YEARS

1976 4600
1975 3600
1974 4800
1973 3600



Table 	 14. 38'5 COO 	 P#IJJECT314N OF 	 CATCHES at F0Pt = 0.2

N.AT DUAL kJlk1ALIIY• 0.2000 YEAH 	 1917

AGE POP• 	 NI„ CATCH 	 NO • F1bHING MEAN 	 T. PUP, 	 I. CATCH 	 WT, HESIOUAL- 4*30 	 1< 5410-3< MORT. KG, %METRIC 	 TUNS< %'ETRIC TUN5< PUP. 	 NUS,

d 40(10, 92, 0.022 0.550 2640,0 50•6 3844,44 4363. 949, 0.273 0.680 29b6.8 645.3 2718,75 2324. 841• 0.505 1.300 9021.2 1093.3 1148.3b 711. 328, 0.700 1.860 1322.5 610.1 289.17 204, 94, 0.699 2,670 544.7 251,0 83.0d 87, 40. 0,697 3•420 297,5 136.8 95.59 So. 27. 0.709 4,190 243.0 119,1 23.410 26, 12. 0.700 4.940 128.4 59.3 10.6II 13, 6• 0,700 5.920 77,0 35.5 5.312 11, 5• 0,685 6,760 74,4 JJ.8 4.5

TOTAL 12597. 2394• 11315.5 3028.8 8162.8

NATURAL Mu41Ail1YM 0.2000 YFAk 	 1978

AGE I•O)., 	 NO, CAICH 	 NO. FISHING MEAN 	 WT• PUP, 	 WT, CATCH WT• kESIOUAL
%Xt0-7< 5X10-J< MOR1, KG, %METRIC 	 TONS< %MEIRIC 	 TUNS< PUP, 	 PUS.

3 3600, 303• 0,032 0.550 1900.0 56.5 2854.64 3844, 564• 0.176 0.680 2614.2 383.5 2639.6S 2719• 687, 0.325 1.300 3534.3 893,6 1608.3
6 1148• 361• 0.451 1.860 2135.9 708,0 598.97 289, 96• 0.451 2,870 771.8 255.8 150.8tl H3• 28• 0,451 3,420 283,9 94.1 43.39 ;15, 12. 0.451 4.190 148,7 49,3 18.510 23. H. 0.451 4.940 115,4 38.3 12.211 11• 4, 0.451 5,920 62,6 20,7 5,512 5• 2• 0,451 6,760 35.7 11,8 2.8

TOTAL I1750, 31383, 11682,6 2511,8 7934.3

NAIORAL UkIALIIYN 0,2004) YEAH 	 1979

AGE POP, 	 NU, CAtCH N0, FISHING MEAN 	 W1, PUP. 	 WT• CATCH 	 WI. HESIUUAL
♦X10-3< %x10-3< MORT, KG. %METRIC 	 TUNS< %METRIC 	 TON5< PUP, 	 NOS.

3 4600. 58, 0,014 0.550 2530.0 31.9 3713.8
4 21455• 194. 0.078 0.680 1941.1 132.2 2161,8
5 2b40. 322, 0.144 1.300 3431.4 418.1 1871.3
6 1608• 285• 0.200 1.860 2991.4 49.3,1 3078.1
7 599• 99• 0.200 2.670 1599.0 263.8 401.4
b 151. 25, 0.200 3.420 515.6 66.)) 103•1
9 43. 7. 0.200 4,190 181.4 29.9 29.0

10 14, 3, 0,200 4.940 91.4 15.1 12.4
Ii 12. 2. 0,20), 5,920 72,2 11.9 8.2
12 6,• 1. 0.200 6,760 97,3 6.1 3.7

TOTAL 12532• 976• 13390.8 1486,8 9340.7

NATURAL MilkIALIIYM 0.2000 YEAH 	 1980

AGE POP, 	 NO, CATCH 	 N(1 • FISHING MEAN 	 WT• POP. 	 WT, CATCH 	 Al. RESIDUAL
5X10-3< %X10-3< MORT, KG. %METRIC 	 TUNS< %METRIC 	 TUNS< POP, 	 NOS•

J 4500• 57• 0.014 0,550 2475.0 31.2 3693.1
4 3714, 253• 0.078 0.680 2525.4 172.0 2812.5
5 2182, 263. 0,144 1.300 2810.3 342.4 1532.6
6 Ib71, 308• 0.200 1,860 .3480,6 573,7 1254.3
7 1078• 178• 0.200 2.670 2678,4 474.5 722.6
h 401, 06• 0.200 3,420 1372,9 226.3 269.1
9 101, 17, 0.200 4.190 423.4 8,9.8 87,7

10 29. 5, 0.201) 4.940 143.4 23.6 19.5
It 12• 2, 0,200 5.920 73,4 12.1 8•3
12 4, 1, 0.200 44.760 55.2 9.1 5.5

T	 TAL 13077• 1150. 16230,0 1934.7 10325.3

NATURAL MURIALIIYM 0,2000 YLAR 	 1941

Aut VUP, 	 NU, CATCH NO. FISHING MEAN 	 WT• PUP, 	 WT, CATCH WT • (IESIUUAL
5X10-3< %XI0•3< 34001. KG. %METRIC 	 TONS< %METRIC 	 TONS< PUP. 	 NOS,

3 4500• 57. 0.014 0.550 2415.0 31.2 3643,1
4 3033, 247, 0.078 0,680 2470.5 166.2 2751.3
5 2412• 343. 0.144 1.300 3856.2 445,5 1993.8
6 1533, 253. 0.200 3,66)) 2650.5 469.9 ]027,3
7 1254, 707• 0.200 2.070 3349.1 552.1 840.8
8 /21. 119. 0.200 3,4211 2471,4 401.4 484.4
9 269• 44, 0.200 4.190 1127,5 185.9 180,4

IU 68, 11, 51.200 4,940 334,6 55,2 45.4
11 19. 3, 0.200 5,920 115,2 19,0 33.0
12 U. 1. 0.200 6,760 56,2 9.3 5,6

TOTAL 14820• 1285. 18906.3 2343.5 10975.1

NATURAL 3Uk1ALITY• 0,2000 YEAR 	 1982

AGF POP', 	 .11), CATCH NO. FISHING MtA) 	 WT• POP, 	 WT• CATCH 	 WT, RESIDUAL
4X10-J< %X115.3< MUkl, K6, %u+FTHIC 	 IUNS< %METRIC 	 TUNS< PUP, 	 NUS.

;4 450u. 57. 0.014 0,550 2475.0 31.2 3633.1
4 3633, 247, 0.018 0.680 2470.5 168.2 2751.3
5 2751. 795. 0,144 1.300 9876.7 435.8 1950.5
b 899., 329, 0,200 3,86U 3704,5 811,3 3336,5
7 53127, 169, 0,2011 2.670 2742,9 452,1 608,6
0 841. 139• 1.200 3.420 2975,6 474.0 563.6
9 484• 330, 0.200 4,190 2029.6 334,6 324.7

10 180• 30, 0.200 4.940 891,1 146,9 120,9
11 45, 7, 0,200 5,920 268,8 44,3 30.4
12 13, 2. 0.200 6.760 88.2 14.5 8.7

TOTAL 15410, 1395, 21126.9 2713.0 11408,4



Table 14 --
Cont l U, 34'S 	 (01J 	 t'k(1JF CT ION 	 OF 	 CA1CHkS

NATURAL 4L 33Y4 0,2000 TEAM 	 19113

AGE POP. 	 l^1J, CATCH 00. FISHINb MEAN 	 T. POP. 	 WI. CATCH WT• HE51DUAL
%AI0-3c %AIO-J< MURT• KG. %METRIC TUNS< %METRIC TUN5< PUP. 	 NOS.

3 4500, 57, 0.u14 0.550 2475.0 31.2 3633,1
4 3633. 247• 0.0711 11.680 2470,5 168,2 2751.31
5 2751. 335. 0,144 1. JO() 3576.7 435.8 1950.5
6 1950. 322. 0.200 1.860 3627,9 898.0 1307.4
7 1337, 220, 0.200 2,670 3568,5 588,2 895,9
8 ot9, 114• 0,200 3,420 2355.1 388,2 461.6
9 56 4, 93, 0.200 4,190 2361,5 389,3 377,8

30 325. 54, 0.2011 4,940 1604.0 264.4 217,7
II 121, 211• 0.200 5,520 715.8 118.0 313•0
12 30. 5, 0.200 6,760 205.8 33.9 20.4

TOTAL 15900, 14113-', 22960.8 3015.3 11096.7

NATURAL I^UHIALIIY• 0,2000 YKAH 	 1984

AGE POP, 	 NO, CAICH 	 NU, FISHING MEAN 	 WT, PUP, 	 WT. CATCH 	 W1. 9E5I0UAL
%zlJ-3< %A10-J< MORT. KG. %METRIC 	 TONS< %METRIC 	 TONS< PUP. 	 NUS.

3 4500. 57. 0.014 0,550 2475,0 31.2 3633.1
4 3o33. 247. 0,078 0.680 2470.5 160,2 2751.3
5 2751. 335. 0.144 1.300 3576.7 435,8 1950.5
6 1950. 3122• 0.200 3,860 J627,9 598,0 1307.4
7 1301, 216, 0.200 2.670 3490.9 575,4 876.4
8 tl9h. 148. 0.200 3.420 3063.9 505.1 600,5
9 462. 7o• 0,200 4.190 1934.1 318.8 309.4

10 370, 02. 0.200 4.940 1866.3 307.8 253.2
11 210, 36, 0,200 5,920 1288.5 212.4 145,9
12 81. 13, 0.200 0,700 547,9 40.3 54.3

TOTAL 16176, 1512• 24341.7 3242.9 lIH1♦2._1

NATURAL WOHTALITY• 0.2000 YEAR 	 1985

AI POP, NU. CATCH NU, 8150101. 01.201 	 #T. POP. 	 WT. CATCH 	 47, RESIOUAL
4010-3< %010-J< MONT. KG, %METRIC TONS< %METRIC TUN5< PUP, 	 NUS,

J 4500, 57. 0.014 0,550 2475.0 31.2 3633.1
4 3633• 247. 0.078 0,680 2470.5 368.2 2751.3
5 2751. 535• 0.144 1.300 3576.7 435.8 1950,5
6 1950• 322. 0,200 1.860 3627.9 596.0 1307,4
7 1307. 216, 0.200 2,670 3490.9 575.4 876.4
b 876, 144. 0.200 3.420 2997,3 494.1 587.5
9 601. 99, 0.200 4.190 2516.2 414.8 402.5

10 304. 51. 0.200 4,940 1528.5 252.0 207.4
11 253, 42. 0.200 5,920 1499.2 247.1 169,8
32 146, 24. 0.200 6,760 986.3 162.6 97,8

TOTAL 16328. 1537. 25108,5 3379.2 11943,7

NATURAL MOHIALITYA 0.2000 YEAR 	 1906

AGE 000. 	 NU. CATCH oO, $350300 Mt-AN 	 WT• POP, 	 WT, CATCH 	 W1, HESIUUAL
42103( 4210-3< MUHT, KG• %8E1101C 	 TUNS< %METRIC TONS< POP, 	 NUS,

3 4500• 57, 0,014 0.550 2475.0 31.2 3633.1
4 3(33, 247, 0.078 0.680 2470.5 168.2 2751.3
5 2751, 335. 0.144 1,300 3576.7 435.8 1950.5
b 1950♦ 322, 0.200 3,3100 3627.4 698,0 1307,4
7 1307, 216, 0.200 2.670 3490.9 575.4 876.4
b 676, 144. 0.200 3,420 2997,3 494.1 587.5
9 587, 97, 0.200 4.190 2461.5 405,8 393,8

10 403, 66. 0.200 4.940 1988.6 327.8 269.8
II 207, 34, 0,200 5,920 1227.9 202.4 139.0
12 170. 28. 0,200 6,760 1147.6 189,2 t1J.8

TOTAL 16380• 1546. 25463.8 3427.9 12022.6



CATCH Ar.
%METNIC TUNS<

47.7
194.6
606,4
706.2
377.5
121,7
42.6
21.4
17,0
8,13

2144.3

RESIDUAL
POP, NOS.

3687.9
2079.1
1741.3
975.5
363.2
91.4
26.3
11,2
7.4
3.3

8986.6

CATCH Al,
%METRIC T5N5<

48.6
251.5
477,8
764.6
614.9
293.3
90.5
30.6
15.7
11.6

RESIDUAL
POP, NUS •

3607.7
2686.0
1371,5
1056.1
591.7
220.3
55.5
15.9
6.8
4.5

2597.0
	

9616,0

CATCH WT,
%METRIC TUNS<

46.6
246,0
617.0
602,3
665,7
477.7
217,9
64.7
22,3
10.9

RESIDUAL
POP. NOS,

3607.7
2627.6
1771.9
831,9
640,6
358.9
133.6
33.6
9.7
4.1

2971.1
	

10019,6

CATCH WT.
%METRIC TUNS<

48,b
246,0
603,6
178.1
524,4
517.2
355,0
155,11
47.0
15,4

RESIDUAL
PUP, 805,

3607,7
2827.6
1733,4
1074,7
504.6
388,5
217.7
81,0
20.4
5.9

3289,1
	

10281.5

Table 15.'s 	 cu v 	 kku.)ECI IOr, 	 uF 	 (AtcHesat Fma x ° 0.30.

NATURAL ✓ 6W TALIIYa 1),2000 YEAH 	 (977

AGE PUP, 	 oU, CAIChh 	 i4). FISHING MEAN 	 T. P(1P, 	 WT• CATCH 	 WT, RESIDUAL
%010-3< )1Afu-J< HURT, CO. %METNIC 	 TUNS< %METRIC 	 TUNS< POP, 	 NUS.

3 4000, 92, 0,022 0.550 2640,0 50,b 3844,4
4 4363, 949, 0.273 0.680 2986,8 u45.3 2718.7
5 2324, 841. 0.505 1.300 3021.2 1093.3 1148.3
6 711. 328. 0,700 1.860 1322.5 610.1 789,1
7 204, 94, 0,699 2.670 544.7 251.0 83.0
d 87, 40, 0,697 3.420 297,5 136.8 35.5
9 50, 21, 0.709 4,190 243,0 113.1 23.4

10 26, 1?, 0,700 4,440 128,4 59.3 10.6
11 13, 6. 0,71)0 5.920 77.0 35.5 5.3
12 11, 5, 0,685 8.760 74.4 33.6 4.5

TOTAL 12597, 2394. 11315,5 3028,4 0182.8

((ATONAL NUk)ALTTYI 0,2000 YEAH 	 1970

AGE P(IP• 	 NU, CATCH HD, FISHING MEAN 	 WT• POP, 	 WT, CATCH 	 WT, RESIDUAL
54)0-3< 5210-3< MONT• KG. %METRIC 	 TONS< %METRIC TUNS< PUP, 	 NUS.

3 .1800, 103. 0.032 0,550 1980.0 56.5 2854.6
4 3844, 564, 0,176 0,680 2614,2 383.5 2639.6
5 2719• 687, 0.325 1.300 3534.3 093.6 1608.3
O 1148. 301. 0.451 1,860 2135.9 108.0 598.9
7 289• 96. 0.451 2.670 771.8 255.8 150.8

83• 28, 0,451b 3,420 283,9 94,1 43.3
9 .15, 12. 0.451 4.190 146,7 49.3 18.5

Ill 23, 6, 0.451 4,940 (15,4 38.11 12.2
II 11, 4, 0,451 5.920 62.6 20,7 5.5
12 5. 2. 0.451 6.760 35.1 11,1) 2.8

TOTAL (1758• 1883, 11682,6 2511.8 7934.3

3PS Cif) PHUJECTIUN OF CATCHES

NATUNAL M&)NIALITYY 	 0,2000

AU). PUtt• 	 NU, CATCH 	 (40.
1X10-J< %110-J<

3 41,00, 87•
4 2655, 206,
5 20i0, 486,
6 1600, 380,
7 599• 141,
6 151, 36,
9 43. l0.

10 19, 4.
I1 12, 3.
12 b. 1.

TUT AL 12532, 1415,

0ATU9AL LNTALITY4 0,2000

AGE POP, 	 NO, C41CH 	 NI),
%XID-3< 4410-3<

3 4500, 85,
4 3086. 370,
5 20 79, 367•
4 (741, 411.
7 975, 230,
n 363, 8b,
9 yl. 22.

to 26, b,
11 I1, 3,
(2 1. 2.

TOT Al 13483, (5b),

J ✓ S CU))	 PROJECT TUN 	 OF 	 CATCHES

NATURAL +URIALIIY♦ 0,2000

45E PUP. 	 NO, CATCH NU,
50(0-3<

3 451)0• 115,
4 36(10•' 362.
5 ?oo(O 475•
b 1372. .324.
7 11)56. 249.
8 592. 140,
9 220, 52•

10 55, 13,
11 lb, 4.
12 7• 2.

TOTAL 14112, 1704,

NATI)PAL r1WIAL1 TY4 	 0.2800

AGE P(IP, 	 NU, CATCH ND.
7.XIJ-3< %810-3<

3 450)1 115•
4 3(08, 362,
5 2828, 464,
6 1772, 418,
7 b3i, 196,
d n41, 151•
9 359, 86,

(0 IJ.. 32.
11 34, 8,
(2 I3. 2•

T(T41. 14515• (803,

YEAH 	 1979

FISHING MEAN 	 WT. PUP, 	 WT,
MORT, KG, %METRIC 	 TONS<

0.021 0.550 2530,0
0.)IT 0.680 1941.1
0.216 1.300 3431.4
0.300 1,860 2991.4
0.300 2.670 1599,0
0.300 3.4?0 515,6
0,300 4.190 101,4
0.300 4,940 91.4
0.300 5.920 12,2
0.300 6.761) 37.3

13390.8

YEAR 	 1980

FISHING MEAN WT, PUP, 	 WT,
MORT, KG. %METRIC 	 TUNS<

0,02! 0.850 2475.0
0.117 0.680 2507.8
0.216 1.300 2702.8
0.300 1,860 3238.8
0.300 2.670 2604,5.
0.300 3,420 1242.3
0.300 4.194) 383.1
0.300 4.940 129.7
0.300 5.920 66.4
0.300 6,760 50,0

15400,4

YEAR 	 1981

FISHING MEAN 	 T. PUP, 	 AT.
MORT, KG, %METRIC 	 TONS<

0.021 0.550 2475.0
0.117 0.680 2453.3
0,218 1.300 3491.8
0.300 1,860 2551.1
0.300 2,670 21319,9
0.300 3.420 2023.4
0,3110 4.190 923,1
0.300 4.940 274,0
0.300 5.920 94.3
0,300 6.760 46.0

17151,8

YEAR 	 1942

F1SHING MEAN 	 T, P(1P• 	 WT,
MORT, K(i. %ME1NIC 	 TUNS<

0.021 0,550 2475.0
0.117 0.680 2453,3
0.216 1,300 3415,9
0,300 1,060 3295.7
0.300 2.670 2221.1
0.300 3.420 2140,8
0,300 4.190 (503.6
0,31)0 4,940 660.1
0.300 5.920 199.1
0.300 6,760 65.3

18479,9
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Table 15
Cont d,3PS Coo PNUJEC1 ION OF CAICHES

NATURAL MUAIALITYr 0.2000

AGE 	 PUP. NO, 	 CATCH NO.

	

%xl0-3< 	 %xlU-J<

3 	 4500. 	 U5.
4 	 1608, 	 362,
5 	 26?8. 	 404.
b 	 1733. 	 409.
7 	 1075. 	 254.
b 	 505. 	 119.
9 	 389, 	 92.

10 	 21b• 	 51.
11 	 81. 	 19.
12 	 29. 	 5.

TOTAL 	 14750, 	 IMb0.

YEAH 	 19b3

FISHING MEAN 	 AT. PUV. 	 wT. CATCH 	 T. RESIDUAL
110R7. KG. %METR/C TUNS< %METRIC 	 TONS( PUP, 	 NOS.

0.021 0.550 2475.0 46.6 3607.7
0,117 0.680 2453,3 246.0 2627.6
0.216 1.300 3415.9 b03.b 1733.4
0.300 1.860 3224.1 761.2 1051.4
0.300 2,670 2869.5 677.4 651.8
0.300 3.420 1725.6 407.4 306.0
0,300 4.190 1627.9 384.3 235.7
0.300 4.940 1075..2 253.8 132.0
0.300 5,920 479,8 113.3 49.2
0.300 6,160 137.9 32,6 12.4

19484.2 352b.2 10407.2

NATURAL ',)8TALITYH 	 0.7000

AGE POP.	 NI). (410.	 N(l,
)6A10^3< %4IU+J<

3 4500, 85.
4 3608, 302.
5 2028. 464.
6 1733. 409.
7 lu51. 248.
6 b52. 154,
9 306, 72.

10 23G. 56.
II 132, 31,
12 49. 17.

TOT Al. I4b95. 1893•

YEAR 	 1984

FISHING MEAN *T • PUP, 	 WT• CATCH 	 91, RESIDUAL
M081. KG. %METRIC TONS< %METRIC TUN5< POP, NUS,

0.021 0.550 2475.0 46.6 3607.7
0.117 0,680 2453.3 246.0 2627.6
0.216 1.300 3415,9 003,0 1733.4
0.300 1.660 3224.1 761.2 1051.4
0,300 2,670 2807.1 062.7 637.7
0,300 3.420 2229.3 526.3 395.4
0.300 4.190 1282.3 302,7 185.6
0.300 4,940 1164.1 274.8 142.9
0,300 5.920 781.5 184,5 80,1
0.300 6.760 332.3 78.5 29.8

20184.9 3686,9 10491.5

305 COO OROJECTION OF CAICHES

NATURAL l,UUTALITYA 0.2000 YEAH 	 1905

AGE ICON, 	 NO, CATCH 	 w17, FISHING MEAN 	 WT. POP, 	 WT, CATCH WT. RESIDUAL
8210-3< 581U-J< MORT. KG• %METRIC TUN5< %METRIC TUNS< POP, 805.

3 4500, 85, 0.021 0.550 2475.0 46,6 3607.7
4 3608. 362, 0.117 0.680 2453.3 246.0 2627.6
5 2628, 484. 0.210 1,300 3415.9 603.6 1733.4
6 1733, 409, 0.300 1.860 3?44.1 761.2 1051.4
7 1051, 248. 0.300 2.070 2807.1 662.7 637.7
b b38, 151. 0.300 3.420 2180.9 514.9 386,8
9 395. 93. 0,300 4.190 1656.6 391.1 239.8

10 186, 44, 0,300 4.940 917,0 216.5 112.6
11 143, 34, 0.300 5,920 846.2 199.8 06.7
12 80, 19, 0.300 0.700 541.3 127.9 48.6

TOTAL 14962, 1909. 20517.2 3770.1 10532.2

NATURAL 0081401174 0.2000 YEAR 	 1986

AGE 01)0, 	 NU, CATCH NO, FISHING MEAN 	 WT • PUP. 	 WT. CATCH WT, RFSIUUAL
2x10-3< %x10-3< 8081, (G. %METRIC TONS< %METRIC TUNS< PUP, 	 NOS.

3 4500. 85, 0.1)21 0.550 2475.0 46.6 3607.7
4 3606. 362, 0.117 0.680 2403.3 246.0 2627.6
5 2028, 464, 0.216 1.300 3415.9 003.6 1733.4
b 1733, 409, 0.300 1,060 3224.1 761.2 1051.4
7 1051, 748, 0.300 2,670 2007.1 662.7 637,7
b 838, 151. 0.300 3.420 2180.9 014.9 386.8
9 367. 91. 0.300 4.190 1620.6 382.6 234.6

10 240. 57. 0.300 4.940 1184,6 279.7 145.4
II 113. 27, 0.300 5,920 666,5 157,3 68.3
12 87• 20, 0.300 8.760 586.0 138.4 52.6

10740 14984, 1914. 20613.9 3792.9 10545.4
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Table 16. Catch per hour (Can.(N) OT, 501-900 t), total catch and
total effort expended in the 3Ps cod fishery.

Effort Effort (Moving Average
Year Catch/Hour Catch ('000s hrs) 2-year 3-year

1965 .699 51,400 73.5

1966 .874 65,749 75.2 74.4

1967 .744 62,393 83.9 79.6 77.5

1968 .723 77,217 106.8 95.4 88.6

1969 .798 63,103 79.1 93.0 89.9

1970 .625 76,161 121.9 100.5 102.6

1971 .630 63,967 101.5 111.7 100.8

1972 .548 44,323 80.9 91.2 101.4

1973 .530 52,641 99.3 90.1 93.9

1974 .535 44,877 87.3 93.3 89.2

1975 .204 35,373 173.4 130.4 120.0

1976 .415 37,133 89.5 131.4 116.7

1977 .314 32,376 103.1 96.3 122.0

Slope 	 -.0079 	 -.0110

Intercept 	 1.3624 	 1.6527

r 	 -.7051 	 -.8618

MSY 	 59 	 62

E MSY 	 86 	 75



Table 17. Catch per hour (Can (N) OT-5, standard), total
catch and total effort expended in the 3Ps cod
fishery.

Year CPUE Catch Effort 2
YEARS

3

1960 .827 77,775 94.0

1961 .859 86,211 100.4 97.2

1962 .412 55,266 134.1 117.2 109.5

1963 .578 50,051 86.6 110.4 107.0

1964 .518 53,956 104.2 95.4 108.3

1965 .792 51,400 68.9 86.6 86.6

1966 .863 65,749 75.7 72.3 82.9

1967 .529 62,393 97.9 86.8 80.8

1968 .707 77,217 108.0 103.0 93.9

1969 .899 63,103 74.3 91.2 93.4

1970 .529 76,161 132.0 103.2 104.8

1971 .582 63,967 105.6 118.8 104.0

1972 .815 44,323 65.0 85.3 100.9

1973 .381 52,641 115.4 90.2 95.3

1974 .438 44,877 92.2 103.8 90.9

1975 .439 35,373 109.9 101.0 105.8

1976 .398 37,133 91.2 100.6 97.8

1977 .275 32,376 109.7 100.4 103.6

M 	 -.0080 	 -.0090

Intercept 	 1.3728 	 1.4548

r 	 -.4838 	 -.4342

	

MSY 	 59 	 59

	

E MSY 	 86 	 81



Table 18. 	 Catch per hour [Can (N) OT-4 (monthly adjusted)],
catch and total effort expended in the 3Ps cod
fishery.

YEAR CPUE CATCH EFFORT 2 3

1960 .750 77775 103.7 - -

61 .779 85211 110.7 107.2 -

62 .789 55266 70.0 90.4 94.8
63 .561 50051 89.2 79.6 90.0
64 .417 53956 129.4 109.3 96.2
65 .707 51400 72.7 101.0 97.1
66 .707 65749 93.0 82.8 98.4
67 .434 62393 143.8 118.4 103.2
68 .687 77217 112.4 128.1 116.4
69 .823 63103 76.7 94.6 111.0

1970 .450 76161 169.2 123.0 119.4
71 .578 63967 110.7 140.0 118.9
72 .753 44323 58.9 84.8 112.9
73 .302 52641 174.3 116.6 114.6
74 .353 44877 127.1 150.7 120.1
75 .429 35373 82.5 104.8 128.0
76 .310 37133 119.8 101.1 109.8
77 .179 32376 180.9 150.4 127.7

M -.0052 -.0074
INTERCEPT 1.1236 1.3431

r -.5788 -.4476
MSY 61 61
EMSY 108 91
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Table 19.. Catch per hour [Can (N) OT-4], catch and
total effort expended in the 3Ps cod fishery.

YEAR 	 CPUE 	 CATCH 	 EFFORT 	 2 	 3

1960 .780 77775
61 .810 86211
62 .389 55266
63 .546 55051
64 .489 53956
65 .747 51400
66 .814 65749
67 .499 62393
68 .667 77217
69 .848 63103

1970 .499 76161
71 .549 63967
72 .769 44323
73 .359 52641
74 .413 44877
75 .414 35373
76 .375 37133
77 .259 32376

99.7 - -

106.4 103.0 -

142.1 124.2 116.1
91.7 116.9 113.4

110.3 101.0 114.7
68.8 89.6 90.3
80.8 74.8 86.6
125.0 102.9 91.5
115.8 102.4 107.2
74.4 95.1 105.1

152.6 113.5 114.3
116.5 134.6 114.5
57.6 87.0 108.9

146.6 102.1 106.9
113.1 129.8 105.8
90.3 101.7 116.7
99.0 94.6 100.8
125.0 112.0 104.8

M -.0056 -.0073
INTERCEPT 1.1451 1.3123

r -.4777 -.3872
MSY 59 59

EMS'! 102 90
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Table 20. Catch per hour (Spanish PT, 151-500 tons), total
catch and total effort expended in the 3Ps cod
fishery.

Year Catch/hour Catch Effort
Effort (Moving Average

2-year 3-year

1960 1.06 77,775 73,373

1961 0.980 86,211 87,970 80,672

1962 1.01 55,266 54,719 71,345 72,021

1963 1.05 50,051 47,668 51,194 63,452

1964 1.48 53,956 36,457 42,063 46,281

1965 1.55 51,400 33,161 34,809 39,095

1966 1.56 65,749 42,147 37,654 37,255

1967 1.31 62,393 47,628 44,888 40,979

1968 1.75 77,217 44,124 45,876 44,633

1969 1.63 63,103 38,713 41,419 43,488

1970 1.36 76,161 56,001 47,357 46,279

1971 1.28 63,967 49,974 52,988 48,229

1972 1.04 44,323 42,618 46,296 49,531

1973 0.852 52,641 61,785 52,202 51,459

1974 0.504 46,706 92,671 77,228 65,691

1975 0.783 35,373 45,176 68,924 66,544

1976 1.21 37,133 30,688 37,932 56,178

1977 32,376

MSY 	 64 	 63

E MSY 	 60 	 50

Slope 	 -.0180 	 -.0252

Intercept 	 2.1463 	 2.5193

r 	 .76 	 .78
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Table 21. Catch per hour (Spain PT 151-500, monthly adjusted),
catch and total effort expended in the 3Ps cod
fishery.

Spain
151-500 	YEARS

Year 	 CPUE 	 Catch 	 Effort 	 2 	 3 	 4 	 5

1960

1961

1962

1963

1964

1965

1966

1967

1968

1969

1970

1971

1972

1973

1974

1975

1976

1977

.978

1.044

.920

.930

1.042

1.001

1.307

1.203

1.451

1.408

1.186

1.192

.913

.691

.434

.541

.963

77,775

86,211

55,266

50,051

53,956

51,400

65,749

62,393

77,217

63,103

76,161

63,967

44,323

52,641

46,706

35,373

37,133

32,376

79,525

82,578

60,072

53,818

51,781

51,349

50,305

51,865

53,216

44,817

64,217

53,664

48,547

76,181

107,618

65,384

38,560

81,052

71,325

56,946

52,800

51,565

50,827

51,085

52,540

49,016

54,517

58,940

51,106

62,364

91 ,900

86,501

51 ,972

74,058

65,489

55,224

52,316

51,145

51,173

51,795

49,966

54,083

54,233

55,476

59,464

77,449

83,061

70,521

68,998

62,062

54,255

51 ,813

51,325

51,684

50,051

53,529

53,979

52,811

60,652

71,503

74,433

71,936

65,555

59,920

53,465

51 ,824

51,703

50,310

52,884

53,556

52,892

57,485

70,045

70,279

67,258

M -.0150 -.0219

b 1.9254 2.3362

r -.7322 -.8100

df 14 13

MSY 62 62

E MSY 64 53

-.0270 -.0333

2.6198 2.9674

-.7888 -.7868

12 11

64 66

49 45
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ADDENDUM 1

CAFSAC Res. Doc. 78/18

Additional and revised data pertaining
to the 3Ps cod stock

by

C.A. Bishop
Department of Fisheries and Environment

Fisheries and Marine Service
Research and Resource Services

St. John's, Newfoundland



NOT TO BE CITED WITHOUT PRIOR
REFERENCE TO THE AUTHOR(S)

International Commission for 	 " the Northwest Atlantic Fisheries

Serial No. 5037 ICNAF Res.Doc. 77/VI/17
D.c.3

ANNUAL MEETING - JUNE 1977

Cod stock evaluation - Div. 3N0

by

C.A. Bishop
Department of Fisheries and Environment

Fisheries and Marine Service
Research and Resource Services

St. John's, Newfoundland

Sampling data for cod from subdivision 3N0 during 1976 proved very scanty.
Otter trawl samples were available for the 2nd and 3rd quarters from Can. (N) in
Subdivision 30. With catches for those two quarters totalling only 1057 tons from
a fishery directed toward species other than cod, there was little material available
to provide a determination of total numbers at age.

Several methods involving evaluation of trends in the fishery were attempted
to provide some indication of stock abundance changes. These methods essentially
involved comparisons of different biomass estimates from stratified-random research
cruises in Subdivision 3N (1971-76) with catch-per-unit-effort data from the Spanish
pair trawler fishery (tons class'4; 151-500 tons) for the period 1971-75.
The different methods used are as follows:

Method l ..

For the years 1971-76 biomass estimates in numbers of fish were compared in
strata with at least 3 years of data (Table 1). Strata which had continuous data(361,362)
(for each of the 6 years) were used to obtain estimates for strata which had not been
fished in a particular year. These estimates were obtained by; totalling the numbers
in each stratum for which there was continuous data (Table 1.), totalling numbers
from each incomplete stratum (eg. 845 + 639 + 4709 in stratum 359, Table 1 ) and
dividing by the corresponding years total in the continuous data years (i.e. 18121
+ 1870 + 1744) to obtain a ratio (eg..285 in stratum 359). This ratio was applied
to the total per year obtained from strata with continuous data (eg. 9326 in 1971)
to provide an estimate in that year for the stratum which had no data (i.e. 9326
X .285 = 2657, an estimate of biomass for stratum 359 in 1971). Estimates were thus
obtained for all strata which had incomplete survey data (Table 2). An average
number of fish per year for all these strata was obtained and this was compared
with seasonally adjusted Spanish PT, catch-per-unit-effort from 1971-75 (Table 2;
Fig. 1.)

Method 2

Using the same raw data as presented in Table 1, estimates of numbers
present in strata where no fishing had been done were accomplished by using the
areas (in sq. miles) involved with each strata (Table 3). For each year the
totals for strata which had data (eg. 34606 in 1971; Table 1) were divided by the
total area for the same strata. The ratios of numbers per unit area were used to
obtain estimates for strata with missing data by multiplying the ratio by the
stratum area for the particular year. (eg. ratio 1971=3.097; estimates for strata
359, 360, etc. = 1304, 9 65 etc.) Estimates were thus obtained for all strata with
missing data (Table 3.) Average numbers per year were obtained and this was com-
pared with a seasonally adjusted Spanish PT. CPUE from 1971-75 (Fig. 2).



Z

Method 3

Average numbers of fish per year were obtained from strata which provided
a continuous series of data from 1971-75. In this case only strata 361 and 362•
could be used. These averages were plotted against Spanish PT - CPUE from 1971-
75 (Fig. 3).

Method 4

In this method all biomass estimates as shown in Table 1 were adjusted
to a standard - that of strata 362. As such, determining values for strata with
no data available in some years was not considered. Conversion factors obtained
per stratum and the average values that resulted per year are shown in Table 2.
Similarly these average values were plotted against Spanish PT - CPUE from 1971-
75 (Fig. 4).



Table 1. The relationship of VPA biomass estimates to
survey biomass estimates.

VPA Biomass 	 Survey Biomass
Year 	 3-12 	 (Methods 1-4)

1972 17,901 217

1973 16,675 190

1974 13,919 161

1975 11,815 88

1976 10,874 112

1977 11,370 98

1978 (13,104) 132

Slope 	 .0536

Intercept 	 6.0289

r 	 .96

df 	 4
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Table 2. Relationship of Can (N) OT-5 CPUE and VPA biomass
estimates (3-12) along with the relationship of
weighted F to total effort (based on Can (N) OT-5).

Can (N) VPA Biomass Weighted Total Effort
Year 	 OT-5 CPUE 3 - 12 F (Can (N) OT-5)

1965 .699 22,624 .46 73.5

1966 .874 24,153 .67 75.2

1967 .744 24,226 .51 83.9

1968 .723 25,259 .48 106.8

1969 .798 25,654 .55 79.1

1970 .625 24,403 .70 121.9

1971 .630 22,256 .73 101.5

1972 .548 17,901 .55 80.9

1973 .530 16,675 .60 99.3

1974 .535 13,919 .96 87.3

1975 .204 11,815 1.04 173.4

1976 .415 10,874 .69 89.5

1977 .314 11,370

Slope 	 .0301 	 .0042

Inter 	
.0052 	 .2540

cept

r	 .90 	 .64

df 	 11 	 10

regression AA 	 AA
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, 	 ^ 	 Table 3. 3Ps cod catch and population projections /1979-85\ assuming

TAC's of 25,000 tons in 1979-82 and a F 	 (0.2) 'ishing- 	 '^D^ ` 	 ^ fi shing
mortal ity from 1983-86. 	 '- 	 -	 -----

|^HT!R^L |CP^HLi -/^^.2W8

H^E MEHM WT. SELECTIOM POPULH!1;^ HUM^L^^

H^E POPULHTIOM
/1UHBERS

3 	 4^00.0

RESULTS
POPULHTIOM

WEICHTS

2695.0

FOR YEHR
FISHIM^
MORTHLITY

0.0489

1977

	

CHTCH 	 CHTCH 	 RESIDUHL

	

MUMBERS 	 WEI^HTS 	 MUMBERS
RESIDUHL

WEICHTS

4 	 4363.0
5 	 2324.0
^^ 	 711.0
7 	 204.0
8 	 87.0

2966.8
3021.2
1322.5
544.7
297.5

0.2730
0.5034
0.6995
a.6983
0.6961

	

212.0 	 116.^ 	 3O20.^

	

949.0	 645.3 	 2718.7

	

840.1 	 1092.1 	 1150.2

	

32^.0 	 610.1 	 289.2

	

94.0 	 251.0 	 83.1

	

40.0 	 136.8 	 35.5

2101.2
i848.7
1495.2
537.9
221.8
121.4

9 	 58.0 243.0 0.6717 26.0 	 108.9 	 24.3 101.6
10 	 26.0 128.4 0.7000 12.0 	 59.3 	 10.6 52.2
11 	 13.0
^2 	 11.0

77.0
74.4

0.7000
0.6849

	

6.0 	 35.5 	 5.3

	

5.0 	 33.8 	 4.5
3l.3
30.7

TOTHL 	 12697. 11370. 2512. 	 3089. 	 8142. 6542.'-

H^E POPULHTIOM
RESULTS

POPULHTIOM
FOR YEHR

FISHII
1978

CHTCH 	 CHTCH 	 RESIDUHL

''

RESIDUHL
hbhBE^S WEI^^7S MOR7HLITY hUU8ERS 	 ^EI^HTS 	 HU^|^ERS WEI^HTS

3 	 4300.0 2365.0 0.0311 119.4 	 65.7 	 3^12.7 1877.0
4 	 3820.5 2597.9 0.1733 552.5 	 375.7 	 2630.3 1788.6

2718.7 3534.4 0.3199 678^2 	 881.7 	 1616.5
- 	 -'75^.7 	 ' 	 603.9

2101.5
1123.26 	 - 	 ^150.2

7 	 289.2
8 	 63.i
9 	 35.^

772.2
284.1
148.8

2l39"3--^^"+^43----376.'7'
^.4443
8.4443
^.4443

	

94.7 	 252.9 	 151.8

	

27.2 	 93.1 	 ^3.6

	

11.6 	 4O.7 	 ^8.6

4^5.4
149.2
78.1

l0 	 ^4.3
i1 	 10.6
12 	 9.8

119.B
62.6
66.4

0.444^
0.4443
8.4443

	

7.9 	 39.3 	 12.7

	

3.5 	 20.5 	 5.6

	

3.2 	 21.8 	 5.2

62.9
32.9
34.9

TOTAL 	 12442. 12091. 1875. 	 2500. 	 8501. 7654. 



Table 3, 	 (cont'd)
.

~^^^-.~~
-

RESULTS FOR YEAR 1979 ^
HaE POPULHTIOM POPULATION FISHIMG CATCH CATCH RESIDUAL FEE Ill

NUMBERS` WEIGHTS MORTALITY NUMBERS WEIGHTS NUMBERS WEI^
^^ n

3 	 4200.0
4 	 34l2. 7

2310.0
2320. 7

0.0244
0. 1359

91.7
393. 9

50.5
267. 8

3355.8
2439. 1

1845.7
1658. 6

5 	 2630.3 34l9.4 0.2508 531.1 690.4 1675.7 2178.4
6 	 1616.5
7 	 603.9

3006.7
1612.3

0.3484
0.3484

433.5
161.9

806.3
432.4

934.1
349.0

1737.5
31.7

8 	 15l.8
9 	 43.6

519.3
l82.8

0.3484
0.3484

40.7
11.7

139.3
49.0

87.7
25.2

300.1 	 .`

10 	 18.6 92.1 0.3484 5.0 24.7 10.8 53.2
1l 	 12.7 75.4 0.3484 3.4 20.2 7.4 43.6
1^ 	 10.7 72.4 0.3484 2.9 19.4 6.2 41.8

TOTHL 	 12701 . 1361 1 . 1676. 2500.
.

8891 .
.

{^^^^. 	 _

RESbLTS FOR YEHR 1980
HCE PDPUL6TIOH POPULHTIOM FISHIM^ CHTCH CHTCH RESIDUHL RESIDUHL

MUM8ERS

'3 	 4500.0

WEI^HTS

2475.0

MORTHLITY

0.0^^1

MUM8ERS

81.3

WEI^HTS

44.7

MUM3ERS

3610.9

WEI^HTS

1^86 04 	 3355.8
^ 	 2439.l
^ 	 1675.7
/ 	 934.1

2282.0
3170.9
3116.9
2494.2

0.1122
0.2071
0.2876
0.2876

323.3
414.9
381.4
212.6

219.8
^39.4
709.4
567.7

2456.0
1623.^
1029.1

1670^1
2110^^
1914 	 1
1531^78 	 349.0 1l93.4 0.2876 79.4 271.6 214.^ 73^^99 	 87.7 367.7 0.2876 20.0 83.7 53.9 22^^810 	 25.2

11 	 18.8
12

124.5
63.8

0.2876
0.2876

5.7
2.5

28.3
14.5

15.5
6.6 	 '

76^^
39'^

1^.5

TOIT HL 	 13391.

9l.6

l5380.

0.2876 3.1

l524.

20.8

2500.

8.3

9592.

56'^

10 	 _

HCE POPULHTIOM POPUiHTIOM
RESULTS FOR YEHR

FISHIM(^
1981

rHTCH CHTCH RESIDUHLMUMBERS WEI^HTS ii:.RTLITY NU MBERS NEICHTS HUM8ERS
RESIDUHL
NEIi;HTS

3 	 4500.0 247*.0 0.0171 69.14 	 3610.9 2455.4 0.0952 297.8
38 0

202^5
3621 8
2687^8

1992 0
1827^75 	 2456.0 3192.8 0.1758 360.0 467^9 1686^6 2192^6^ 	 1623.5 3019.7 0.2442 320.1 595 4 1841^2 1936^71029.1

^ 	 ^73.7
2747.6
1961.9

0.2442
0.2442

202.9
113.1

541^8
386^8

6^0~0
3^7^9

1762^2
1258^3

	

9 	 214.3

	

10 	 53.9
897.9
266.2

0.2442
0.2442

42.3
10.6

177^0
52^5

137^4
34^6

575^9
170^7^1 	 l5.5 91.6 0.2442 3.1 18^1 9^9^ 58^8^12 	 14.9 101 	 0 0 2442 2 9 19'9 64.8

TOTHL 	 14092. 17209. 1422. 2-00. 10257. 11839. 



Table 3. (cont'U)

RESULTS FOR YEAR`
^AGE P[PULHTIOM POPULHTIOM FISHING

NUMBERS 	 WEIGHTS MORTALITY

1982

	

CATCH 	 CATCH RESIDUAL

	

MUM8ERS 	 WEI^HTS 	 MUMBERS
RESID

WEICHTS`

RESULTS FOR vEHR 1984
HCE POPULHTIO^ POPULHTIOM FISHIM^ 	 CHTCH 	 CHTCH 	 RESIDUHL 	 RESIDUHL----------7qOP[BE] S-- 	 E^ILHT_^l'L|RTF9:lT`7---rOMLU^RE^- --^E^^^HT^^ - -|iUMIU^RS- ' 1^EI{^f7S'-

.^ 



Table 3. /cont.d\

RESULTS FOR YEAR 1g85
AGE POPULHTIOM POPULATION FISHING 	 CHTC^^

NUMBERS' WEICHTS MORTALITY 	 NUMBERS
CATCH RESIDUAL

WEICHTS 	 NUMBERS
RES

WEI^HTS^'

3 	 4500.0
4 	 3633.1

2475.0
2470.5

0.0140
0.0780

	

56.7 	 31.2

	

247.4 	 168.2

	

3633.1 	 1998 2

	

2751.3 	 1870^9^ 	 2751.3 3576.7 0.1440 335.2 	 435.8 1950.5 	 2535'6^ 	 1949.2 3625.4 0.2000 321.3 	 597.6 1306 6 	 2430'27 	 1298.5
8 	 850.2

3466.9
2907.6

0.2000
0.2000

	

214.0 	 571 	 5

	

140.1 	 479^3
870^4 	 2323`9

9 	 503.1 2107.9 0.2000 82.9 347'5
569^9 	 1949^0
33^'2 	 1412^910 	 310.6 1534.2 0.2000 51.2 	 "52.9 208'2 	 ^028^411 	 196.9 1165.4 0.2000 32.4 	 192.1 132'0 	 781~212 	 166.9 1128.0 0.2000 27.5 	 185.9 111.8 	 756'1

TOTHL	 16160. 24458. 1509. 	 326^^. 11871. 	 17086.

HCE POPULHTIOM
PESULTS

POPULHTIOM
FOR YEHR

FISHIM^
1986

CHTCH 	 CHTCH RESIDUHL 	 RESIDUHL
MUMBERS

^ 	 4500.0

WEI^HTS

2475.O

MORTHLITY

0.0140

MUMBERS 	 WEI^HTS

56.7 	 31.2

MUMBERS 	 WEICHTS

3633.1 	 i998.2
4 	 3633.i
5 	 2751.3
6 	 1950.5
7 	 1306.6

247Q.5
3576.7
3627.9
3488.5

0.0780
0.1440
0.2000
0.2000

	

247.4 	 168.2

	

335.2 	 435.8

	

321.5 	 598.0

	

215.4 	 575.0

	

2751.3 	 1870.9

	

l950.5 	 2535.6

	

1307.4 	 2431.9

	

875.8 	 2338.4
8	 870.4 2976.7 `0.2000 143.5 	 490.7 583.4 	 1995.49	 569.9 2387.8 0.2000 93.9 	 393.6 382.0 	 1600.6

10 	 337.2 1665.9 0.2000 55.6 	 274.6 226.0 	 1116.7
11 	 208.2
12 	 243.8

1232.4
l648.1

0.2000
0.2000

	

34.3 	 203.2

	

40.2 	 271.7

	

139.5 	 826.1

	

163.4 	 1104.8

TOTHL 	 16371. 25550. 1544. 	 3442.' 12013. 	 17818. 



Table 4. Revision of Table 6.

Can 	 (N) Method Method Method Method Methods
Year OT-5 1 2 3 4 1-4

CPUE

1972 .548 217 203 237 214 217

1973 .530 159 152 234 217 190

1974 .535 159 150 211 125 161

1975 .204 90 136 67 61 88

1976 .415 144 130 63 111 112

1977 .314 112 110 83 89 98

1978 .413* 119 118 107 182 132

1000 999 1000 999

Slope .9972 1.0584 .0014 .5987 .8161

Intercept -1.7198 -1.8609 .2128 -.8273 -1.3176

r .94 .67 .87 .92 .94

df 4 4 4 4 4

regression LA LA AA LA LA

'r' values 	 AA 	 .89 	 .65 	 .85 	 .90

	

from other LA 	 .86

	

regressions AL 	 .87 	 .58 	 .81 	 .82 	 .85

	

LL 	 .93 	 .58 	 .80 	 .90 	 .89

*values estimated using LA Regression of CPUE on Method 1-4



- ^o _
Table 5. Revision of Table 8. Comparisons of total effort Bata from different

countries and tonnage classes and their relation
to the average F values calculated from the VPA
for cod in Subdivision 3Ps.

Can (N) Spain Can (N) Spain Can (N) Can (N) F Weighted
OT 4 PT 4 OT 4 PT 4 OT 5 OT 5 (6-10) F

Year S.A. S.A. Standard

1963 89.2 53.8 91.7 47.7 86.6 .35 .34

1964 129.4 51.8 110.3 36.5 104.2 .42 .48

1965 72.7 51.3 68.8 33.2 73.5 67.9 .48 .46

1966 93.0 50.3 80.8 42.1 75.2 75.7 .71 .67

1967 143.8 51.9 125.0 47.6 83.9 97.9 .46 .51

1968 112.4 53.2 115.8 44.1 106.8 108.0 .51 .48

1969 76.7 44.8 74.4 38.7 79.1 74.3 .75 .55

1970 169.2 64.2 152.6 56.0 121.9 132.0 .58 .70

1971 110.7 53.7 116.5 50.0 101.5 105.6 .68 .73

1972 58.9 48.5 57.6 42.6 80.9 65.0 .42 .55

1973 174.3 76.2 146.6 61.8 99.3 115.4 .64 .60

Average F's

Slope .0004 .0018 .0005 .0033 .0003 .0005

Inter- 	
.4997 	 .4489 	 .4927 	 .3974 	 .5574 	 ..4997.

cept

r 	 .1181 	 .1136 	 .1195 	 .2040 	 .0363 	 .0827

Weighted F's

r 	 .33 	 .27 	 .34 	 .42 	 .44 	 .35



Table 6. Revision of Table 13.

Survey Survey Predicted
Year 	 Age 	 Year-Class Abundance Stock size

1977 	 1 	 1976 6 4,198
2 	 1975 136 3,357
3 	 1974 2,197 4,170

1976 	 1 	 1975 	 203 	 5,288
2 	 1974 	 2,855 	 5,314
3 	 1973 	 1,855 	 4,072

1975 	 1 	 1974 	 198 	 5,261
2 	 1973 	 398
3 	 1972 	 1,117

Average Recruitment at 3 Years

1976 4,198

1975 4,323
Ave. = 4479

1974 4,915 	 (4500)

1973 4,072



1976

1975

1974

1973

1972

1971

1970

1969

1968

1967

1966

1965

1964

1963

1962

1961

1960

6

203

198

579

20

18

287

18

174

141

8885

408

620

68

Table 7. Revision of Table 12.

VPA
Year-Class 	 1 year 	 2 year 	 3 year 	 3 year

136

2855

398

1753

834

527

5765

1746

25634

5551

5062

5527

3781

1383

2197

1855

1117

1745

1057

822

3219

9512

11601

11512

23002

8368

4558

2121

5783

5310

3778

2776

3223

5636

3479

5515

7326

10014

8463

8560

7005

4196

Slope

Intercept

r

df

Regression

5.5369

4164.4

.65

10

AA

.7198

3259.2

.70

10

AA

.2862

3540.9

.78

11

AA



Table 8. 	 Revision of Table 14 - Fopt = 0.2

3k5 	 CUD 	 Pk(IJECI IUN 	 OF 	 CATCHES

5AT(041, 	 MUkTAL11Y4 0.2000 YEAH 	 1977

AGE 1'01+. 	 NU, CA1CH NU. FISHING MEAN 	 WT• PUP. 	 WT• CATCH WT. RESIDUAL
%A10-3< %Alo-3< MORT. KG. ETRIC 	 TONS< %METRIC TON5< POP. NOS.

3 4900. 92. 0.021 0.551) 2695.0 50.6 3928.4
4 4363, 949. 0.273 0.680 2966.8 645.3 2718.7
5 2324. 841. 0.505 1.300 3021.2 1093.3 1148.3
O 711• 326. 0.700 1.860 1322.5 610.1 289.1
7 204. 94. 0.699 2.670 544.7 251.0 83.0

b7. 40. 0.697 3.420 297.5 136.8 35.5
9 5. 27. 0.709 4.190 243.0 113.1 23.4

IV 2r,, 12. 0.700 4,940 126,4 59.3 10.6
II 13, 6. 0.700 5.920 77.0 35.5 5.3
12 11• 5. 0.665 6.760 74.4 33.8 4.5

TOTAL 12697. 2394. 11370,5 3028.8 8246.8

NATURAL 	 MORTALITY& 0.2000 YEAR 	 1978

AGE *UH, 	 Nil. CAICH NU, FISHING MEAN 	 wT. PUP. 	 WT. CATCH 	 WT. RESIDUAL
5X10-3< 5010-3< MORT. KG. %METRIC TONS< %METRIC TUNS< PUP. 	 NUS,

3 4300. 123. 0.032 0.550 2365,0 67.5 3409,7
4 3928. 576• 0.176 0.680 2671.3 391.9 2697.3

5 2719, 667. 0.325 1.300 3534,3 893.6 1608.3

6 1148. 1b1. 0.451 1.860 21.55.9 708,0 598.9

7 289. 96. 0.451 2.670 771.8 255,8 I50.8

0 83, 28. 0.451 3.420 283.9 94.1 43.E

9 35. 12. 0.451 4.190 148.7 49.3 18.5

to 23. 6. 0.451 4.940 115,4 36.3 12.2

11 il. 4. 0,451 5.920 62.6 20.7 5.5

12 5. 2. 0.451 6.760 35.7 11.8 2.8

TOTAL 12542. 1415, 12124.7 2531.2 8547.1

Table 8 (cont'd) - Revision of Table 14.

315 	 C,,D PRUJECTION OF CATCHES

NATURAL. 	 lURTALITY* 0.2000 YEAR 	 1979

AGE PUP. 	 NU, CATCH NO. FISHING MEAN 	 wT. PUP. 	 WT. CATCH WT, RESIDUAL
5X10.3< 5x10-3< MOR1, KG. %METRIC TONS< %METRIC TONS< PUP, 	 NUS.

3 4200. 53. 0,014 0,550 2310.0 29.1 3390.9

4 3410. 232. 0.078 0.680 2318.6 157.9 2582.1

5 2691, 329. 0.144 1.300 3506.4 427.2 1912.2
6 1608, 2bb. 0.200 1.860 2991.4 493.1 1078,1

1 599. 99. 0.200 2.670 1599.0 263.6 401.4

b 151. 25. 0.200 3.420 515.6 85.0 101.1

9 43• 7. 0.2(10 4.190 161.4 29.9 29.0

10 19. 3. 0.200 4.940 91.4 15.1 12,4

11 12. 2. 0.200 5.920 72.2 11.9 8.2

12 6. 1. 0.200 6.760 37.3 6.1 3.7

TOTAL 12744, 1016. 13623,2 1518.9 9519.0

NATURAL 	 MORTALITY& 0,2000 YEAR 	 1980

AGF kON. 	 NO. CATCH NN. FISHING MEAN 	 WT. PUP. 	 WT. CATCH WT. RESIDUAL

X 5 10-3< %x10-3< MOR1. KG. %METRIC 	 TONS< %METRIC 	 TUNS< POP. 	 NOS,

3 4500. 57. 0.014 0.550 2415,0 31.2
157.0

3633.1
2567.94

5
3391.
2582,

231.
315.

((.078
0.144

0.680
1.300

2305.6
3356,8 409,0 1830.5

6 1412, 315. 0.200 1.860 3556.6 586.3 1281.8

7 1U76. 118. 0.200 2.670 2878.4 474.5 722,6

8 401, 66. 0.200 3.420 1372.9 226.3 289.1

9 101, 17. 0.200 4.190 423,4 69.8 67.7

10 29. 5, 0.200 4.940 143.4 23.o 19.6

11 12. 2. 0.2011 5.920 73.4 12.1 8.3

12 - 	 6. 1. 0.200 6.760 55.2 9.1 5.5

TOTAL 14015. 1186. 16641,0 1998.9 10406.0
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Table 8. (cont'd) Revision of Table 14.

385 	 CUU 	 P6UJEC11fl7a 	 OF 	 CATCHES

NATURAL ML'RTALIIY4 U.?U00

AGE

YEAR 	 1981

(UP, 	 N 	 . CA1CH 	 I'D. FISHING MEAN 	 WT. POP. 	 WT.
i;%If1^3< %A10^3< MURT. KG, %METRIC 	 TUNS[

3 4500. 57. 0.014 0.550 2475.0
4 3633. 247. 0.078 0.680 2470.5
5 2568. 313. 0.144 1.300 3338.3
6 1b31, 3u2, 0.200 1.86(1 3404.8
7 1282. 2)1. 0.200 2.670 3422.3
6 723. 119. 0.200 3.420 2471.4
9 269. 44. 0.200 4.190 1127.5

19 66. II. 0.200 4.940 334.6
11 1`9. 3. 0.200 5.920 115.2
12 8. 1. 0.200 6.760 56.2

TOTAL 14900• 1309. 19215.8

NATURAL MORTALITY# 0.2000 YEAR 	 1982

AGE PUP, 	 NO. CATCH PU. FISHING MEAN WT. POP. 	 WT.
"In-a< %XIU•3< MONT. KG. %METRIC TUNS(

3 4500. 57. 0.014 0.550 2475.11
4 3033, 247. 0.078 0,680 2470.5
5 2751. 335• 0.144 1.300 3576.7
6 1.6211. 300• 0.200 1.860 3366.0
7 1227. 20?. 0.200 2,670 3276.2
H 059. 142. 0.200 3.420 2938.4
9 484. 80• 0.200 4.190 2029.6

10 180. 30. 0.200 4.940 891.1
11 45. 7. 0.200 5.920 268.8
12 13. 2. 0.200 6.760 88.2

TOTAL. 15514. 14(13. 21400.6

CATCH WT.
%METRIC TUNS(

31.2
168.2
406.7
561.2
564.1
407.4
185.9
55.2
19.0
9.3

2408.2

CATCH WT.
%METRIC TONS<

31.2
168.2
435.8
558,2
540.1
464.4
334.4
146.9
44.3
14.5

2758,1

RESIDUAL
POP. NUS.

3633.1
2751.3
1820.5
1227.1
859.2
484.4
180.4
45.4
13.0
5.6

11019.9

RESIDUAL
POP, NOS.

3633.1
2751.3
1950.5
1220.3
822.5
575.9
324.7
120.9
30.4
8,7

11438.4

Table 8 (cont'd) Revision of Table 14.

3P5 	 CUD 	 PRUJFCTIUIN GF CATCHES

NATURAL MORTALl1YW 0.2000 YEAR 	 1983

AGE POP. 	 NU •
X 5 10-3<

CATCH NU. FISHING MILAN 	 WT. PUP. 	 WT. CATCH WT. RESIDUAL%810-3< MURT• KG. %METRIC TONS< %METRIC TUNS( Pop. NUS.
3
4

4500.
3D33,

57•
247.

0.014
0.078

0,550
0.660

2475.0
2470.5

31.2 3633.1
5 2751. 335. 0.144 1.300 3576.7

168.2
435.8

2751.3
1950.56

7
1950,
1220.

322.
201.

0.200
0.200

1.860
2.670

3627,9
3258.2

698,0
537.1

1307.4
8
9

823.
576,

136. 0.200 3.420 2813.0 463.7
818.0
551.4

10 325.
95.
54.

0.200
0.200

4.190
4.940

2413.2 397.8 386.1
II 121. 20. 0.2011 5.920

1604.0
715.8

264.4
118.0

217.7
81.012 30. 5. 0.200 6.760 205.8 33.9 20.4

TOTAL. 15930, 1471, 231.60.0 3048.1 11716.8

NATURAL WURTALIIYW 	 0.2000 YEAH 	 1984

AGE PUP, 	 NU, CATCH NO. FISHING MEAN 	 WT. POP, 	 WT• CATCH WT. RESIDUAL5X10-3< 5510-3< MOOT. KG. %METRIC TONS< %METRIC TUNS< POP, NOS,
3 4500, 57. 0.014 0.550 2475.0 31.2 3633,14
5

3633.
2151.

247•
335.

0.078
0.144

0.680
1.300

2470.5
3576.7

168.2
435.8

2751.3
1950.56 2950. 322. 0.200 1.860 3627.9 59e.0 1307.47

8
1307. 216, 0.2(10 2.670 3490.9 575.4 876.4

9
.18. 135. 0.200 3.420 2797.5 461.1 548.3

10
551. 91. 0.200 4.190 2310.2 380.8 369.6

11
38b,
21$.

64• 0.200 4.940 1907.1 314.4 258.8
12

36. 0.200 5,920 1288.5 212.4 145.981. 13. 0.206 6,760 547.9 90.3 54.3
TOTAL 16196, 1515, 24492.2 3267.7 11895.6
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Table 8 (cont'd) Revision of Table 14.

3PS CUU PRO JFCIION OF CATCHES

NATURAL 	 MURLALIIYA 0.2000 YEAH 	 1985

AGE PUP. 	 NU, CATCH NU• fISHING MEAN 	 WT• POP. 	 #1. CATCH ;T. RESIDUAL
%X%0.3< %X10-3< MORT. KG. %METRIC TONS< %METRIC 	 TUNS< POP. 	 N05•

3 4500. 57. 0.014 0.550 2475.0 31.2 3633.1
4 3633, 247. 0.075 0.680 2470.5 166.2 2751.3
5 2751. 335. 0,144 1.300 3576.7 435.8 1950.5

1950. 32?, 0.200 1.860 .0627.8 598.0 1307.4
7 1307. 216, 0,200 2.670 3490,9 575.4 876.4
B 876. 144. 0,200 3.420 2997.3 494.1 587.5
9 548, 90. 0.200 4.190 2297.4 378.7 307.5

10 370, 61. 0.200 4.940 1825.7 301.0 247.7
11 259, 43. 0.200 5.920 1532.0 252.5 173.5
12 146. 24• 0.200 6.760 986.3 162.6 97.8

TOTAL 16341• 1539• 25219.7 3397.5 11992.7

NATURAL MURTALITYM 0,2000 YEAR 	 1986

AGE POOP. 	 NU. CATCH NO. FISHING MEAN 	 M7 • PUP. 	 WT, CATCH 41, RESIDUAL
%X10-3< %X10-J< MORT. KG, %METRIC TUNS< %METRIC 	 TUNS< POP. N05 •

3 4500, 57. 0.014 0.550 2475.0 31.2 3633.1
4 3633, 247. 0.078 0.680 2470.5 168.2 2751.3
5 2751• 335. 0.144 1.300 3576,7 435.8 1950.5
6 *950. 32?. 0.200 1.860 3627.9 596.0 1307.4
7 1307, 216. 0.200 2.670 3490.9 575.4 876,4
n 876, 144. 0.200 3.420 2997.3 494.1 587.5
9 587, 97. 0.200 4.190 2461.5 405.0 393.8

10 369, 61. 0,200 4.940 1815.7 299.3 246.4

11 248. Al. 0.200 5.920 1466.6 241.8 166.1

12 173. 29. 0.200 6.760 1172.6 193.3 116.3

TOTAL 16395. 1548• 25554.7 3442,9 12028.7



CATCH WI,
%METRIC 10115<

50.6
b45.3

1093 .3
610,1
251.0
136.8
113.1
59.3
35.5
33.11

3028.8

RE5IDUAL
POP, NUS,

3928.4
2718.7
1148.3
289.1
83.0
35.5
23.4
10.6
5.3
4.5

8246.8

CATCH WT •
%METRIC TUNS<

67.5
391.9
893.6
708.0
255.8
94.1
49.3
311,3
20.1
11.8

RESIDUAL
POP. NOS.

3409.7
2697.3
1608.3
598.9
150.8
43.3
18.5
12.2
5.5
2,8

2531.2
	

8547,1

	NATURAL W11N1AL11YA	 0,2000

AGE 	 PIoP. NO, 	 CATCH NO,

	

XX10.3< 	 50(0-3<

3 4500• 65,
4 3367• 338.
5 2483, 439,
6 1779, 420.
7 'i7S. 230,
0 363, 8b.
9 91. 22,

(0 26, b,
II II, 3,
12 7. 2,

TOTAL (3605, (630•

YE AM 	 1980

FISHING MEAN AT, POP. 	 WT• CATCH WI,
MORT• KG. %METRIC TUNS< %METRIC TONS<

0,021 0.550 2475.0 4b.6
0.117 0,680 2289.7 229•6
0.216 1.300 3228,4 570.5
0,300 1.860 3309.5 781,3
0.300 2•670 2604.5 b14.9
0.300 3.420 1242.3 293.3
00300 4.190 3b3.1 90.5
0,300 4,940 129.7 30.6
0.300 5.924 66.4 (5.7
0,300 6.760 50.0 11.8

15778.6 2684.7

RESIDUAL
POP. NUS.

3607.7
2452.4
1638,2
1079.2
591.7
220.3
55.5
15.9
6,8
4.5

9672.2

Table 9. 	 Revision of Table 15 - Fmax = 0.30

305 CUD 0HOJEC71Uk OF 	 CATCHES

iv AT U8 AL 	 MOMT ALIIY■ 	 0,2400 YEAH 	 1917

AGE PUP, 	 60, LATCH 	 (10, FISHING MEAN • T. POP, 	 WT •
XX(0-3< %X10-3< MI)ki, KG, %METRIC	 10(05<

3 4500. 92. 0.021 0.550 2695.0
4 4363, 949, 0,273 0.680 2966.8
5 2324• 841, 0,605 1.300 3021.2
6 111, 3200. 0.100 (.860 1322.5
7 204, 94. 0.699 2,670 544,7
8 87. 40• 0.697 3,420 297.5
9 50• 27, 0•709 4,190 243.0

10 26, 12. 0.700 4.940 128,4
11 13, 6, 0.700 5,920 77.0
12 11, 5• 0,685 6,160 74.4

TOTAL 12b97, 2394. 11370.5

NATURAL -(,PIAL11Y6 	 0,2000

AGE POP, 	 (0 • CATCH NO.
010-3< AX1U-3<

3 4300, (23,
4 3928, 576.
5 2719, 667.
6 1140• 381•
7 2119• 96•
tl H3• 28.
9 35, 12•

(0 23• 8,
I1 11• 4•
12 5• 2,

TOTAL 12542, 1915,

YLAk 	 1978

FISHING MEAN wT• POP, 	 WT•
MOAT. KG, %METRIC TUN5<

0.032 0,550 2365,0
0.176 0,680 2671.3
0.325 1.300 3534.3
0.451 1.860 2135.9
0.451 2.670 771.8
0.451 3.421, 283,9
0.451 4.190 148.7
0,45! 4,940 115.4
0,451 5.920 62.6
0,451 6.760 35,7

12124.7

Table 9. 	 (cont'd) Revision of Table 15

3PS CUD PROJECTION OF CATCHES

NATURAL. 	 MO11IALITV4 	 0.21)00 YEAR 	 1979

AGE PUP, 	 NO. CATCH 	 N0, FISHING MEAN WT, POP, 	 WT• CATCH WT•
%X1O-3< %x10 -3< MOH1• KG. %METRIC 	 TONS< %METRIC TONS<

3 4200• 79, 0.021 0.550 2310.0 43.5
4 3410. 342, 0.117 0.680 2318.6 232,5
5 2697• 477. 0.216 1.300 3506.4 619.6
F. (bob, 380, 0,300 1,860 2991,4 706.2
7 599. 141. 0.300 2.670 1599.0 377.5
11 151• 36• 0.300 3.420 515.6 121.7
9 43• 10. 0,300 4,190 181,4 42.8

10 19, 4, 0,300 4.940 91.4 21,6
I1 12• 3, 0,300 5.920 72,2 17.0
12 6• 1. 0.300 6,760 37,3 8,8

TOTAL 12744• 1473• 13623.2 2191.3

RESIDUAL
POP. NOS.

3367.2
2483.4
1779.3
975.5
363.2
91.4
26.3
11.2
7.4
3.3

9108.2



CATCH WT.
%METRIC TONS<

46.6
246.0
563.4
719.4
680.3
477.7
217.9
64.7
22.3
20.9

RESIDUAL
POP, NOS.

3607.7
2627.6
1617.8
993.6
654.6
358.9
133.6
33.6
9.7
4.1

3049.1
	

10041.3

CATCH WT.
%METRIC TONS<

46.6
246.0
603.6
710.4
026.3
02(1.5
355.0
155.13
47.0
15.4

RESIDUAL
POP. NOS.

3607.7
2627.6
1733.4
981.3
602.7
397.0
217.7
81,0
20,4
5.9

3334,7
	

10274.6

-

Table 9. 	 (cont'd) Revision of Table 15.
.3S 	 (u0 	 PkOJECI IUN OF CATCHES

NATURAL 	 WI ALItYW 	 0.2000 YEAH 	 1981

AGE PlO'. 	 Nu. CATCH NU, FISHING MEAN AT, POP, 	 AT.
S 4 10-3< %X10-3< MURT. KG. %METRIC 	 1(165<

3 rSOD, 85. 0.021 0.550 2475.0
4 3008. 362. 0.117 0.680 2453.3
5 2452. 433, 0.216 1.300 3188.2
0 1038, 387, 0.300 1.800 3047.1
7 I07y, 255. (1.300 2.670 2881.5
A 592. 140, 0.300 3.420 2023.4
9 220. 5?. 0.300 4.190 923.1

IC 55. 13• 0.300 4.940 274.0
II 1b• 4• (1.300 5.920 94,3
12 7, 2. 0.300 6.760 46.0

TOTAL 14168. 1732, 17405.9

N4TU0AL ^`JUHrAL17YA 	 0.200(1

AGE PUP, 	 NU, CATCH NO.
5410-3< %1)10+3<

3 4500, 85,
4 3608• 362,
5 2626. 464,
6 1018, 30?.
7 994. 235.
8 055, 155.
9 359. 65,

10 134. 32.
II 34. H,
12 10. 2,

TOTAL 14537. 1808.

YEAH 	 1982

FISHING MEAN WT. POP. 	 WT.
MORT. KG. %METRIC 	 TONS<

0.021 0.550 2475.0
0.117 0.680 2453.3
0,216 1.300 3415.9
0.300 1.860 3009.2
0.300 2.670 2653.0
0.300 3,420 2230,7
0.300 4.190 15U3.8
0.300 4,940 660.1
0.300 5.920 199,1
0.300 6.760 65.3

18673,1

Table 9. 	 (cont'd) Revision of Table 15.

305 	 CU( , 	PH(")JECT1111i	 OF 	 CATCHES

NATURAL 	 E+uRtALI(YN 0.2000 YEAR 	 1983

AGE PUP, 	 10. CATCH N0, FISHING MEAN WT. POP. 	 wt. CATCH wt. RESIDUAL
5X10-3< %(10-3< MONT• KG. %METRIC 	 TUNS %METRIC TON5< POP. NOS.

3 4500, 85. 0.021 0.550 2475.0 46.6 36070
4 3008. 362. 0.117 0.680 2453.3 246.0 2627.6
5 2628. 404. 0.216 1.300 3415.9 603.6 2733.4
6 1733, 409. 0.300 1.860 3224.1 761.2 1051.4
7 901. 232. 0.300 2.670 2620.0 618.5 595.2
d (103. 142. 0.300 3.420 2061.1 486.0 365.5
9 301. 94, 0.300 4.190 1663.5 392.7 240.8

10 21(1, 51. 0.300 4.940 - 	 1075.2 253.6 132.0
I1 01. 19• 0.300 5.920 479.8 113.3 49.2
12 20, 5. 0.301) 6.760 137.9 32.6 12.4

TOTAL 14159. 1863. 19605.8 3554.9 10415.1

NATURAL 	 VGRT ALI JYW 0.2001) YEAR 	 1984

AGE ('(JO, 	 NO, CATCH 	 1111. FISHING MEAN WT. POP. 	 wt. CATCH 	 wt. RESIDUAL
%410-3< 5410-3< 0081. KG. %METRIC TONS %METRIC TUN5< POP, 	 NOS.

3 4500, 85. 0.021 0.550 2475.0 46.6 3607.7
4 3608. 302. 0.117 0.680 2453.3 246.0 2627.6
5 2028. 464. 0.210 1.300 3415.9 603.6 1733.4
6 1733, 409. 0.300 1.860 3224,1 761.2 '1051.4
7 lu5l• 248, 0.305 2,670 2807.1 662.7 637.7
8 595. 141• 0.300 3.420 2035.5 480.5 361.0
9 366, 86. 0.300 4.191) 1531.6 361,0 221.7

10 241, 57. 0.300 4.940 1189.6 280.8 146.1
11 132. 31. 0.300 5.920 7131.5 184.5 00.1
12 49, 12• 0,300 0.760 332.3 78.5 29.6

TOTAL 14903, 1895, 20245.8 3706.0 10496.4



Table 9. 	 (cont'd) Revision of Table	 15.

3P5 	 CU 	 PHIIJEC I ION 	 OF 	 CAT CHt5

'ATONAL 	 ), UNfALIIT* 0.20(UU YEAR 	 1985

AGE POP, NO CATCH 	 r+U, F SHIN(. MEAN 	 T. POP, 	 AT, CATCH 	 AT. RESIDUAL
6x10-3< %x10-3< MOP!. KG, %METRIC 	 TUNS< %METRIC TUNS< POP. NUS.

3 4500, e5. 0.021 0.550 2475.0 46.6 3607.7
4 3600, 302, 0.117 0,680 2453.3 246.0 2627.6
S 2e28, 464, 0,215 1.300 3415.9 603.6 1733.4
b 1731, 409. 0,300 1,860 3224.1 761.2 1051.4
7 10-11. 248. 0,300 2.670 2807,1 662,7 637.7
d 533. 191, 0,300 3,420 2180.9 614.9 386.8
v 361. H5, 0.300 4,190 1512,5 357.1 218.9

to 2?. 52, 0,300 4.940 1095,2 258,6 134,5
II 146. 34, 0.300 5,920 864,7 204.1 88.6
i2 80. 19• 0.300 6.760 541.3 127.8 48,6

TOTAL 14967, 1910• 20569.9 3782,5 10535.1

NATURAL 	 OURIALITY4 0,2000 YEAR	 1986

Ac,E PUP, 	 NO, CA1CH NO. FISHING MEAN 	 WT• PUP, 	 WT• CATCH 	 Wt• RESIDUAL
8X10-3< X810-3< MORT. KG. %METRIC TONS< %METRIC TONS< POP, NOS,

3 4500, 1,5, 0.021 0.550 2475.0 46.6 3607.7
4 3608, 362, 0.11/ 0,680 2453.3 246.0 2627.6
5 2026. 464, 0.216 1.300 3415.9 603.6 1733.4
6 1133, 409, 0.300 1,860 3224.1 761.2 1051,4
7 1051. 248, 0.300 2•570 2807,1 662.7 637.7
8 032, 151. 0.300 3.420 2180.9 514.9 386.8
9 387, 91, 0.300 4.190 1620.6 382.6 234.6

10 219, 52, 0.300 4,940 1081.6 255.3 132.8
11 134, 32, 0,300 5.920 796.1 187.9 81.6
12 89, 21. 0,300 6.760 598,9 141.4 53.7

TOTAL 14987, 1914• 20653.3 3802.2 10547,2

100

90

80

70

Ino 	 60
a8

0
0
0
Z- 	 50
0
J
W

r 	 40

30

20

10

75

40 	 80 	 120
	

160  	 200

Effort (000 hrs)

Fig. 5. Yield curve - Subdivision 3Ps cod. - Estimated value for 1978.
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