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INTRODUCTION

Cod catches in Divisions 3NO which were restricted to a TAC of 15,000
tons, in 1978 have been as high as 227,000 tons {1967). This was considerably
above the calculated MSY catch Tevel of 100,000 tons, (Bishop and Wells, ICNAF
Res. Doc. 78/V1/59). Catch rates {Spain PT-T.c.4) have declined from 1.7
tons per hour in 1967 to that of 0.2 tons per hour reported from the Spanish
fishery in 1978, Catches in 1976 and 1977 of 24,283 and 14,700 tons were
below the corresponding TAC's of 43,000 and 30,000 tons. The catch level
at 2/3 Fng, €ffort was determined at 20,000 for 1978 and a TAC of 15,000
tons was sbt for 1978 to allow raﬁid rebui]ding of the stock. The catch at
2/3 Fmsy estimated using the catch and effort data up to 1977 was 25,000

tons,

Biomass estimates of cod in Divisions 3N and 39

Biomass estimates resulting from Canadian research surveys in 3N
and 30 were calculated in a similar manner as abundance estimates
presented in a previous paper (Bishop, ICNAF Res. Doc. T7/NI/17).. The
biomass estimates for 3N and 30 on a per mille basis for each year
surveyed and for each estimating method used is shown in Tables 71 and
2. The results of a regression of Canadian (N) OT-(T.c.5) c/hr. on
an average of the four methods is shown in Table 1 and Figure 1. The
biomass. values fluctuate over the period surveyed (1971-78)- but are
at present Vittle different than those of the early 1970's.

A stmilar pattern of biomass estimates was found for Division 30 {Table 2).
Data was available for fewer years than that for 3N and as such no
regressions against CPUE are presented. Biomass values fluctuate but

the recent values are not better than those of the early 70's.

Average abundance estimates in Numbers-at-age are shown in
Tables 3 and 4. Oniy strata which had been fished in each of the years
shown were compared . In both divisions there are indications that
the 74 and 75 year-class may show some improvement over previous
years,

Age composition in 1978.

The age composition derived for 1978 is shown in Table §. Sampling
data (frequencies and A/L Keys) were available from sampling of the
Canadian commercial fishery for all four quarters in each of 3N and 30.
The only other sampling data available were frequencies from three
quarters from the Spanish fishery and one quarter from the gilinet
fishery of Portugal, These were obtained through the Canadian operated
Foreign Co-Operative Sampling unit and the frequencies obtained were
adjusted using A/L keys from the Canadian sampling program,
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Estimates of fishing mortality

Several methods were used to cbtain an estimate of F which has
been operating on the stock in recent years. Table 6 shows a regres
sionof Inof average catch per hour at-age against age using Canadian
(N) { OT-T.c.5) as the effort standard. The value of F obtained was
.50. Similarly Table 7 shows a regression using a 'standard' effort
derived from combining all effort data available for 3M0. The F value
derived was .59. Rearessions were also obtained from the In of average
per mille catch composition at-age for 1976-78 against age {Table 8} and
from In of catch composition in 1978 againsi age (Table 9). The F.
values obtained were .47 and .54 respectively. Table 10 shows catch
compositions for 1974-78 with survival rates calculated for ages
6-10 and 7-11 with the effort standard being that of Canadian N OT-5.
The F value for the 1977-78 period was .77,

Research survey data from 3N and 30 in the form of average abundance
estimates from strata surveyed in consecutive years were used to obtain
estimates of F. Survival rates for the ages 6-10 and 7-11 were obtained
and these are shown in Tables 3 and 4. The F for the 1977-78 period in
3N was .55 while that in 30 was .24. An average value from these seven
estimates is .52 and as such a value of .50 was used in Cohort Analysis
as the terminal F in 1978, (Table 11). The partial recruitment values
used were obtained from a trial run using the estimated fishing mortality
values for 1973-75 from ages 3-11. The estimated population values for
1978 indicate a declining stock. :

Yield per recruit

Using the average léngths calculated from commercial cod sampling
in 1978 and partial recruitment values used in the V.P.A, {Tabhle 12)
a yield per recruit curve was plotted (Figure 2). The F max value
produced was 0.19, Pinhorn and Wells (ICNAF, Res. Doc. 11, 107-110, 1975)
showed a similar yield per recruit curve with an F max value of 0.20.

Discussion

The biomass estimates from surveys showed some relationship with
Canadian (N} C.P.U.E. {r = .79). However, there was little evidence
of significant improvement in the biomass. Abundance estimates indicated
that 1974 and 1975 year-classes may hold some promise. The 1978 catch
composition (Table 5} showed that four and five year-olds made up the
bulk of the catch with a significant number of three year-olds as well.

The fishing mortality (F) was estimated to be approximately 0.50
which was used in a Y.P.A. run. This indicated that the stock has shown
& steady decline to a level approximately 20% of that shown for the early
1970's., Vailues of F max from the yield per recruit showed that the F
in 1978 of 0.50 was well above the F max of 0.79. It can also be shown
that to catch the TAC for 1979 of 25,000 tons the stock will have to be(Table 13)
fished at F = 1.09. Assuming an average recruitment of 25 million and :
fishing at F (max) 0.19, the catch in 1980 is projected to be between
5 and 6,000 tons (Tabla 4).

NOTE: Subsequent to the presentation of the original paper at the April
1979 Meeting of the Assessments Subcommittee, the Appendix which

follows together with Tables 15-24 and Fig. 3 were added,
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APPENDIX

Additional estimates of terminal F were cbtained and the beit estimate
provided a basis for catch projections. From regressions of total F on
effort using catch per unit effort data from Can. N-OT-T.c 5 and total F (F4+)
at different values of Ft {Tables 15-18), it was shown {Table 19) that Ft=0'35
had a high predictive value of Fy in 1978. Figure 3 indicates the relationship
of effort and Ft using Spansih PT-Te. 4 and standardized efforts. The Ft
values produced were 0.51 and 0.471 respectively. New stock sizes at age 3
were calculated for 1977, 78, and 79 (Table 20) from regressions of a USSR
index at age 2 {in 3N) on YPA abundance values at age 3 for different values
of F. At Fy=0.35 the values for 1977, 78, and 79 were 40.0, 40.8, and 18.9
millions respectively. An average value of 27 million was assumed for 1980.
Assuming an Ft value of 0.35 in 1978 and a population size at age 3 as
calculated for 1977, 78, 79, and 80, catch projections were obtained in 1980.
It was assumed that a TAC of 25,000 t would be taken in 1979 and an
Ft value of 0.19 in 1980. The results are indicated in Tables 21-24,
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Table 1. Comparison of cod biomass estimates (metric tons on a per mille
basis) obtained from survey cruises in 3N and values obtained
from regressions of Canadian N-0T-5 c¢/hr. on the averages of
these estimates.

METHOD METHOD METHOD  METHOD METHODS C. Per Hr (3NO)

YEAR 1 2 3 4 1-4 Can.N.OT T.c 5
1971 109 131 79 132 113 .47

72 223 212 222 175 208 45

73 86 92 105 69 88 51%

74 44 51 40 39 a3 .34

75 94 105 56 158 103 .44

76 64 49 67 77 64 .36

77 214 203 199 166 195 .45

78 166 157 232 184 185 .48

* omitted from regression as effort data avaiTlable

from 3N only.
Slope .0005 0006 .0004 .0009 .0007
Intercept .3564 .3429 .3745 .3045 .3424
'r! . 7060 .7846 .6428 .9246 .7881

Table 2. Cod biomass estimates (metric tons on a per mille
basis) obtained from survey cruises in 3@.

YEAR STAND. METHOD METHOD METHOD METHOD AVERAGE
o CPUE 1 2 3 4 1-4
1973 285 277 309 239 278

74

75 141 146 134 167 147

76 150 152 84 135 130

77 236 233 305 293 267

78 188 192 168 166 178

F5



aL- 59 8L" o1 E |

55" =
e s¢° - 95 G8" 86° 1Z'1 90 z
ves L vl 4 Ly’ - 0L £y gt oE" ¥6" S
bp* Le” e z
59° €L T S BEE 122 9% 2y £5 i Lot LL~L
£LL 88 99 86 bt 82 L oL-9
riz 0L ol LL=¢
lE€ 8/l 86l 0L-9
— 982 ¥
S€ te 6¢ 19 921 €l tt e 801 L6 L
Bl 6t g€ 21 v vz 2t
g¢ 6 9l L2 i e v g 9 M
9¢ ve 9l 6l L oL 81 L gl 2 0z 8l £ ot
£l £l 59 be 59 6 i 0z 8 ol z g 6
92 ve §¢ L2 L& 8 9% 8y 9 g £l 8l 8b 8l g
voL 09 6L 0z el L 182 ol 9z vz 2 61 58 85 i
el 0Lz €5 ol 9t 9 82 26t 20 vz £5 89 poL 8 g
12 89 1z €8 <8y § ze8 LL51 052 b 76 8ez 062 86 g
66v 062 0ge 62Y 50v 4 0£€2 0£9L 902 142 bl 961 888y il b
6EY veoL  vez 08§ 8LY £ v8zz 991 892 £95 899 92 LLOE  66LE £
vl 9%z 207 €Ov ¥r9 ¢ 95 82l 8¢ 95 9L 9¢ 92b 19¢ z
b0g L€ Y, 48 6F L e 8l |
86l ZI6L 9Z6L  Si6L €6l KT

8/61 461 916! S461 b6l £L61 aL61 L6l Iy

“umMoys sieak ay3
30 Yoes Ul pakasins / wiBile moiF (8,000 UT ‘uMoys sJeak 8] 4O Y3Pa U} pIASAANS {7) PIeJ3S Wodg
§,0U) SalwW]182 SJuRpUNqe efeIIAY I ‘ATG 4 STqEL (»000 UL _ON) NE UOIS]ALQ WO} S37PW}3S? Souepunqe obBJSAy °f S1GEL

F6



-6 -

Table 5. Age composition of the 1878 catch in Division 3NQ by country
AGE CAN. SPAIN* PORT* OTHER* TOTAL
2 1
3 157 354 217 728
4 916 1383 977 3277
5 857 1599 2 1043 3501
6 269 435 32 299 1035
7 m 210 27 136 484
8 37 73 50 47 207
9 18 35 2 23 78
10 20 1 6 13 50
11 3 6 1 10
12 2 5 6 3 16
13 1 2 3
14 F4 1
15 2
16
17 1 1
18
19 1 1
20 2 1 3
NK 142 3 60 205
# 2398 4247 139 2821 9605
Wt. 4409 5710 590 4291 15000
Av.Wt. 1.84 1.34 4.23 1.52 1.56
* Spain and Portuaal are adjusted using Foreign Sampling
datas Other includes a]Tonuntries for which no
sampling data was available.
Table 6. 3NO cod - Calculation of F from a regression of In of Average catch

per hour at age against age.

thr. CShr. chr,
AGE 1976 1977 1978 1976 1977 1978 Average
4 7755 1381 3277 115 43 105 87.7
5 3999 1424 3501 59 45 112 72.0
6 1141 1134 1935 17 36 33 28.7
7 142 578 484 2 18 15 11.7
B 152 196 207 2 7 5.0
9 104 235 78 2 3.7
10 35 73 50 1 2 1.7
1otal catch :
(a1l countries) 24,283 14,312 15,000
Slope - .70
Can(R)-0T-5 - ¢/hr, .36 .45 .48 Intercept  7.4512
'r! .99
Total Effort 67,453 31,804 31,250 F = .50
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Jable 7. 3NO cod . Estimate of F from a regression of In of average
catch per hour at age against age, using a 'standard’
effort.

c/hr c/hr c/hr

AGE 1976 1977 1978 1976 1977 1978 Average
4 7755 1381 3277 218 30 37 95
5 3999 1424 3501 na2 3t a0 61
6 1a 1134 1035 32 25 12 23
7 142 578 484 4 13 5 7
8 152 196 207 4 2 3
9 104 235 78 3 1 3
10 35 73 50 1 i 1
Effort
{hrs.) 35,567 46,167 88,235
Slope -.79
Catch Intercept 7.7649
(tons) 24,283 14,312 15,000 ‘r' .98
CPUE _F= .59
(Stand.) .67 ]| a7 i

Table 8. 3NO cod - Calculation of F from a regression of 1n of average
per mille catch composition at age against age.

AGE 1976 1977 1978 1976 1977 1978 Average
( per mille)

2 56 2 1 3
3 3719 434 728 216 80 76 124
4 7755 1381 3277 450 247 311 346
5 3999 1424 3501 232 255 364 284
6 1141 1134 1035 66 203 108 126
7 142 578 484 8 104 50 b4
8 152 196 207 9 35 22 22
9 104 235 78 6 42 8 19
10 35 73 50 2 13 5 7
11 44 43 10 3 8 1 4
12 24 30 16 1 & 2 3
13 23 21 3 1 4 2
14 2 8 3 ] 1 1
15 20 2
16 1 2
17 T 1
18 2
19 1
20 3
»>20 8
NK 19 205 1 1 21 8
# 17,237 5,581 9,605 999 998 998 1000

Ages 4-10 - Slope - .67

Intercept 8.76
r! .99

F=.47
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Table 9. 3NO Cod - Estimate of F from a regression of In of catch composition
at age in 1978 against age.

AGE CATCH COMPOSITION LN _CATCH
4 3277 - 8.09
5 3501 8.16
6 1035 6.94
7 484 6.18

'8 207 5.33
9 78 4.36

10 50 .9

1 10 2.30

12 16 2.77
13 3 1.10
14 3 1.10

15 2 .69

Slope -.74
Intercept 11.30
‘r' .99

F = .54
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Table 10. 3NO Cod - Paloheimo 2's

Catch Composition (No's in 000's)

Age 1974 1975 16 1977 1978

2 B22 56 2 1

3 6425 11 3719 444 728

4 9501 6871 7755 1381 3277

5 10,957 1983 3999 1424 350

[ 10,872 1184 1141 1134 1035

7 2247 1863 142 h78 484

8 2147 802 152 196 207

9 1015 732 104 235 78

10 676 466 35 73 50

11 428 494 44 43 10

12 257 231 24 30 16

13 355 167 23 21 3

14 26 96 2 8 3

15 81 84 20 2
16 7 96 1 2

17 49 174 1 1
18 192 96 2

19 132 70 1

20 39 66 3
>20 152 29 8

NK 19 205

Total Effort 216,664 100,395 67,453 31,804 3,250

{Can N-0T5)
6-10 16,957 5047 1574 2216
7-1 4357 ary 1125 829
5 .55 .14 1.52 .38
F .59 1.96 - .97
F .39 1.76 - J7
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Table 11. Div. 3NO cod 1973-78 - VPA at terminal F = 0.50

NATURAL MNRTALIFY= N20

PARTIAL RECRUITMENT MULTIPLIER
0.2600 0.9000 1,0200 11,1700 1,0000 1,0000 1.0000(to age 14)

ASSUMED FISHING MORTALITY FUR LASY AGES

ESTIMATED POPULATION

AGE YEAR 1973 1974 1975 1976 1977 1978
3 32494, 28248, 17481, 2n277. 12587, 6575,
L} aB535, 17503, 17314, 14302, 13237, 9904,
5 35685. t1a764. 5734. 7958. 4693, 9588,
[ 11439, 15564, 2219, P00, 2897, 25584,
7 6580, 3946, 2905, T45, 1342, 1306,
A 3398, 3s04a, 1198, 693, BAB2,. 576,
9 2031, 1902, 1008, 255, 430, 217,
10 1309, 1514, 639, 163. 115, 139,
11 786, B852. 628, 102, 102, 2B
12 BOZ2, 519, 3t0. 67. a4d, A4,
13 166, 552, 193, 45, 33. 8.4
1a 66, a8, 130, ) T» I16a Be
KNOwN CATCHES
AGF YFAR 1973 1974 19758 1976 1977 197A
3 10058, 6a25h, 11. 3719, 444, 728,
4 27600, 3501, 68T e 7755, 1381, 3277,
5 150986, 10907 . 19843, 3999, 1424, 3501.
6 59849, 10872. 1184, 1141, 1134, 1035,
T 1971, 2247, 1863, 142, 578, 48a,
A 972 2147, 802, 152. 196, 207,
9 707 . 1015, 732, 1064, 235. T8
10 243, 676, 466, 35. 73, 50,
11 137, 428, 494, a4, 43, 10,
12 116, 257 231, 24, A0, 16,
13 97 . 355, 167, 23, 21, 3.
14 16, 26, Sbhe 2 He K
ESTIMATE FISHING MORTALITY
AGE YE AR 1973 1974 1975 1976 1977 1978
3 Oa4aln? 0.2B95 02,0007 Des2265 D.,0398 0.0
a 0.9901 0«9160 0D.,5773 NDagl4aa 01225 0.0
5 De630]1 16953 O.aR186 D.B104 DL4085. 040
6 QeB6a2 147858 0.8911 Da5706 05666 0.0
7 T0.4020 0.9923 1,2337 0.,2365 0.6463 0,0
8 00,3800 10739 ledall 02778 DeH975 0.0
9 00,3524 0.8908 1.6215 05993 0.9279 0«0
10 0.2297 De&79Y9 1.6393 02707 1.2164 0.0
1t p.?’an 0.8107 20339 D+.6515 06283 0.0
12 Del742 07916 1.7355 05009 L4478 Qa0
13 10355 12420 3. 16656 0.H8396 1.1871 O
14 04,3100 0.8R00 1.5700 D.4000 08000 0+5000
PDPULATION WTS AND NOS
1973 197a 1975 1976 1677 1978
wT 242972+ 174846, A7135. 953, 49801, 46890,
NO 143901, B9017. 49758, 47514, 35976. 30986,
POPULATION wTS AND NOS AGE & TL 14
1973 1t97a 1975 1976 1977 1978
wT 113287, 113245, 47482, 17901, 19566, 16896,

ND 2T177. 2R50n2, 9210, 4976, 5459. 4920,
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Table 12. Values used in yield per recruit curve

Partial
AGE Average Wts. Recruitment
3 .72 .26
4 1.05 .90
5 1.55 1.02
6 2.25 1.17
7 3.74 1.00
8 4.61 1.00
9 6.19 1.00
10 7.23 1.00
1 9.48 1.00
12 12.87 1.00
13 15.38 1.00
14 17.85 1.00
15 18.00 1.00
16 19.00 1.00
17 23.85 1.00
18 21.00 1.00
19 15.38 1.00
20 22.26 1.00
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Table 15. VAP for Div. INO cod, 1973-78, F, = 0.20, M = 0.20
PARTIAL RFCRUITMEMT MULTIPLIER
N.2600 0.9000 1.,0200 1.1700 10000 10000 10000 1.0000
ASSUMED FISHING MURTALITY FUR LAST AGES .
Ne3100 0.8800 15700 (e 40O G.2000 Gea200Q0O
ESTIMATED PUPULATION
AGE YEAR _ 1973 1974 . 1975 1976 1977 1978
3 34343, 317R7. 2PT62. aTa96, 27219, 15834,
4 49232, 12017, 20211. 18626, 27000, 21883,
5 d6142, 15334, YT 3, 10331, 8233, 20861,
6 11828, 15979, e6R6, 3915, ap40, 5452,
7 6723, 4019, 3204, 1127. 2173, 2936,
_...A L darh, 3721, 1258, 9dd. 795, 1256,
9 2658- 1924- 110“- j”a. 630. 473.
10 1309, 1536. 657, ?h2. 155, 303,
11 786, 852. bat. 116, 1HE , Al
12 Bo2.. . .519, 310, 2. 55. Q7
13 166, 552, 193, 45, as, 18,
14 66 . 48, 130 T | B I 18,
__ _KNDuN CATCHES K _ __ o ~ ; .
AGE YEAR 1973 1974 1975 14976 1977 1978
, 3 I 10058, BHazbh. 11a. 3719, 444, 1284
4 27600, 9501, €871, 7755, 1381, 3271,
5 15088, 10907, 1983, JYig, 1424, 3501
h 5989, 10872, 1184, 1141, 1134, 1035,
- > 4 ~1971. . 2247, 1864, 142, 576, 484
! 972 2147, 802, 192, 1496, 207
9 707 1015, 732, 1048, 235 T8,
10 243, b76. 466 . 35, 73. S50,
~1r. . _ 137 .. 42H, 494 . 40 . 43, 10
12 116, 257. 231, 245, 3o, 1be.
13 97 . 355, 1H7. 23 2l, 3.
la 16, 26, 96 . Za 8. 3.
ESTIMATE FISHING MURTAL]TY
AGE YEAR 1973 1974 1975 1976 1977 1978
3 0eJ9]1 Ne2Her N.000% Nell74 Ds.0182 0«0
4 09665 Jg.8033 Dea711 Oehlba 0.0582 Va0
5 0.6193 15422 0.3773 De®5A3 02121 0.0
B N,B88537 14037 0.H66B0 Qs.3888 0e29497 O«
7T 00,3915 DeIF1G 1.0288 Nel499 Da3a8? 0.0
A 0D.3764 10151 le2200 019374 D.,3183 0s0
9 Gea3481 N.BT46 163197 Cea75%0 Deb312 0.0
1o D,2297 _N.66H1 . 1,5318 Qel7a8 NDs 73026 D0
1t Qe2140 0.8107 18640 NebH4a]17 Ce33IT 0.0
12 0.1742 De7916 17355 Ve 3YVUb Ne9123 OaV
13 1.035% 162420 3.1666 UeRIYR De7149 00
e 0,3100. D.BBOUQ L5700 VDa4000 04000 02000
POPULATION wTS AND NOS .
1973 1974 jars5 1976 1977 197s
wy 2abibes, 181797, QA4 . Bhe2de 916R2. 103306,
NO 147179 95239, ]34, 12827 71332, 6197,
L RPORULATIUN ATS_AND NUS. AGE B TU 14
1973 1974 1275 1976 1977 1978
L WMT . 114312, 115115. 50821, 23943, A09RT . Je59
NO 27462« 291015, 10188, BE17S. BRT4, 1061

G1



Table 16.
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VPA for Div. 3NO cod, 1973-78, Ft = 0.25, M = 0,20,

0.2600 00,9000 1,0200 1.1700 1.,0000 1,0000
—  ASSUMED FISHING MORTALITY FOR LAST AGES . -
0.3100 0.BA00 15700 J«4000 0.8000
ESTIMATED POPULATIDN
— AGE YEAR _ 1973 1974 19758 1916 1977 .
3 33725, 30603, 20993, J1468, 22327,
Y . S 19242, 17178. 22399, .
5 35992, 15143, 65%8, 9537 7047,
] 11498, 15807, 2529, 3575, 4190,
7 6676, 3995, 3104, 1000, 1895,
B 3 - 1238, ..B86, . 690,_
9 2649, 1917, 1072, 288, 563,
i0 1309, 1529, 651, 215, 141,
11 786, as2. 640, 111, 145,
e 12 B2, 519, = 30, . ___77. 51,
13 166, 552. 193, 45, al.
14 66, 48, 130, Te 16,
AGE YEAR i973 1974 1975 1976 1977
3 10058, 6428, _1le. 3719 ... 484,
4 27600, 9501, 6871, T755. 1381,
5 15098, 109807, 1983, 3999, 1424,
6 5989, 10872. 1184, 1141, 1134,
_— e A9T7 1, 22347, - 1853, 342, 578,
B 972, 2147. 802 152. 196,
9 707, 1015, 732, 104, 235,
10 243, 676, 466, 35, 73,
1 137. 428, _ 494.  4de. .. a3.
12 116, 257, 23le. 24, 30,
13 97, 355, 167 . 23. 2le
14 16, 26 96, - 8,
ESTIMATE FISHING MDRTALITY
AGE YEAR 1973 1974 1975 1976 1977
3 03999 ND2640 J.0006 Jel&A 0O DeOR222
4 09742 D«B3T7H 0.5019 Da6I]0 0.,0706
5 Q0.6229 158986 04067 Deb225 0.2627
Y - W 0.8350 00,3554 ..
7 04,3950 0+9719 1.0885 0.1708 0s,4112
8 03776 1.0340 1.2594 Ns.2185 0+.3769
] 0.3495 0.8799 1+4052 05103 0+6185
— 10 . 0a2297 D BT70T 11,5858 (04,3980 0.Ba4a58.
11 0.2140 08107 1,9165 0.5739 0eIOBS
12 Ce1742 0+7916 1.7355 D.8216 1,0373
13 1,0355 1le2420 J. 1666 0.8396 0.8220
14 —0,3100 0.8800 11,5700 0.4000 0.8000
POPULATION wTS AND NOS
1973 1974 1975 1976 1977
wT 2454887, 179471, 95188, 77397, 77669,
NO 146082, 931587. 56661 . 64356, 59504,
e RORULATION & i _AGE & IO Y4 ___ R
1973 1974 1975 1976 1977
. wr _ 6970646, 21921, 27153,
NO 273h7. 28901, 98K7. 6173, 7732,

G2

PARTIAL RECRUITMENT MULTIPLIER

10000

0.,2500
1978

12749,
_17878a.._
17089,
4481,
2404,
1028,
387 .
248,
50,
9. ..
) 15.
15,

1978

3277
a501.
1035,
B4
207,
78,
50.

_ 10,
16,
3.

3

1978

Pcocgcco

"+ &0 - e &

goocccoo coCc
I

o

cCocoo

56425,

1978

29999,
B704,

1.0000

72B. . .



Table 17.
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VAP for Div. 3NO cod, 1973-78, Ft = 0,30, M = 0.20.

PARTIAL RECRUITMENT MULTIPLIER

0.,2600 0.9000 1,0200 1.1700 1+0000 1.0000 1.0000 1,0000
—  ASSUMED FJISHING MORTALITY FUR LASI AGES o
0.3100 0C«+B8R00 1.5700 T.4000 0.8000 De 300N
ESTIMATED POPULATION
— AGE YEAR 1973 197a 1975 18976 .. .1977._.. _ 1978 . __
3 33313, 29815, 19817, 2TT23. 19071, 10691.
A Te. 162lae. 19333, 158212, . ____
5 35893, 15016, 62R2, 9009, 6258. 14579,
6 11478, 15725, 2425, 3349, 3757, 3835,
7 &6H44, 3979, 3037, 914, 1710, 2050,
s. ‘3‘—1—0—'— .‘3_65.6.’# .1_2_2.‘_._ ___B_ﬂ_l..*,,,, - - - 6270..'._— - .---.--BJ—?—.L 44444444 —_—
9 2643, 1912. 1051, 277, 518, 330.
10 1309, 1524, 647, 198, 132, 212
11 786, a52. 636, 108, 130, a4z,
—_—t2 802, 519, 310, __ Td.. 49, . &8s .
13 166, 552. 193, 45, 39, 13,
14 66, a8, 130, 7 16, 13.
— KNOWN CATCHES e e -
AGE YEAR 1973 1974 1975 1976 1977 1978
3 10058, 6425, —1lle. 3719, . G4&84, __ 72Be_. ___ . _
4 27600, 9501, 6BT71. 7755 1381. 3277,
L 15098, 10907, 1983, 3999, 1424, 3I501.
6 5989, 10872, 1184, 1141, 1134, 1035,
v — 1971, 2247, 18BR3A.  _142. 578, ... _ _4Ba. S
8 972. 2147, 802. 152. 196, 207«
9 707« 1015, 732, 104, 235, 78.
10 243, 676, 466 . 35. T3, 50,
11 o 137, . 428, 494, Y 4.3 - 10w, . _ _
12 116, 257, 231, 24 . 30, 16,
13 97. 355, 167, 23, 2le Je
14 16, 26, 96 2e Ha 3.
ESTIMATE FISHING MORTALILITY
AGE YEAR 1973 i97a 1975 1976 1977 1978
3 00,4060 D«2720 ND.00N06 041605 Oe0261 0.0
4 0.93795 0.8622 0.5248 Be7520 QC.08BZ22 0.0
5 0.6253 16232 0+4290 Qa6745 D«.28B96 0.0
b 0,B88G8 1. 4483 00,7758 0.,4724 (00,4058 0,0 e
T 03973 0D.9786 11327 O+1RB83 0.,4678 0.0
a 0.37684 10470 1.2873 0.2353 0,4297 Oe0
9 043505 0.8835 140697 0.5369 0+.6951 0.0
I, S D 2297 SR9S  0.2176. 0,9398_ . ..0.,0. e
1 De2140 048107 1.,9537 10,5977 04,4537 0.0
12 Ual7a2 0D«7916 1.7355 Oeaasi 1,1430 De U
13 1.0355 le2420 3.1666 148396 0De9144 0.0
——34 043100 O0LBBOO .. 1,5700 04,4000 _(,8000 _0,3000 . o
PORULATION wTS AND NOS
1973 1974 1975 1976 1977 1978
wT 244646, 1779246, 92493, 71526, 83435, 71880.
NO 145353, Q1772 54350, 58719, 51633, 47921 .
_ POPULATION wTS AND nNDS AGE & TO & - . -
1973 1974 197% 1976 1977 1978
wy 113741, 114099, = 4B960.  20576. 24615, 25613. . .
NO 27303, 28767, 9654, 5773 6972. T440.

G3



Table 18.
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VPA for DHv. 3NO cod, 1973-78, Ft = 0.35, M = 0.20.

PARTIAL RECRUITMENT MULTIPLIER

0.2600 0.9000 1.n200 141700 1.0000 1.0000 1,0000
. ASSUMED FISHIN g Y. FOR_LAST AGES e
063100 0.8800 15700 04000 (0e8000 043500
ESTIMATED PUPULATION
. YEAR 1973 1974 . ._ 1975 1976 19771 _ .. 1978
3 33020, 29254, 18979, 25055. 16749, 9220
Y — 15528. 17148, _13311. .
5 35822, 14926, 6086, 8632 5697, 12790,
6 11464, 15667, 2351, 3188, 3449, 3375
7 6621 . 3967, 2990, 854, 1578, 1798,
B8 405, 3537, 1215, ___THh2.. __ . 870.
9 2639, 1909, 1035, 269, 487, 290,
10 1309, 1521. 6aa, 185, 126, 186,
11} 786, B52,. 633, 106, 120, 37
-2 — _BOPe . S19 ... .. 3104 —Tlae. 4. _59,
13 166, 552, 193, A5, 37« 11l.
14 66, 48, 130, T 16, 11,
KNOWN CATCHES . S - .
AGE YEAR 1973 1974 1975% 1976 1977 1978
3 10088, 6425, Jl. 3719, 448, 1284
4 27600. 9501, 6871, 7755, 1381, 277,
5 15098, 10907, 1983, 3999, 1424, 3501,
6 5989- 10872, 1184, 1141. 1134, 1035,
7 1971 , 22al, 1863, ___ 142,  _. 5718, _ 484,
8 972. 2147, BOZ2. 152. 196, 207
9 707, 1015, 732, 104, 235. T8,
10 243, 676, 466 . A5, T3. 50,
11 137 . —G2BR, = AS4,. _ . _44, oo A8 104
12 116, 257, 231, 24 . 30. 16.
13 97 » 355, 167 . 23, 21, Je
l“- 16. 26. gb. 2' a. J.
ESTIMATE FISHING MORTALITY
AGE YEAR 1973 1974 1975 1976 1977 1978
3 Deai8 02780 0.0006 01792 00297 0.0
A 0.,9833 0.8807 05424 UeBO28B 0.0932 0.0
L] Ge&270 16481 QL4865 DeTLTA Ue3233 0«0
. O, 08131  0.50348 0,4515 0.0 .
T 0.3990 0.9R35 1s1667 Q2031 G.5189 0,0
8 00,3790 1.0565 13080 De2489 D.4775 0.0
9 00,3512 0.8861 15201 0+5577 D.s7631 a0
10 O 146069 0.2340 1,0218. 0.0
11 002140 048107 1.9813 00,6159 05036 0.0
12 0s1782 047916 1.7355 0.4636 1.2343 0.0
13 1.0355 12420 3.1666 0.8396 0.9952 [ V]
1% 0.3100 0.B800 .. 1,5700 (,4000 0.B000.. 0.3500 .
POPULATIDN wTS AND NOS
1973 1974 1975 1976 1977 1978
wT 244046, 176821, 90572 67342, 61700, 62928,
NG 144833, 90785, 52704, 54703, 46023, 41858,
: X le . - [P
1973 1974 1975 1976 1977 1978
WT 113857 48431, 19618, 22BNF, . 22488,
NO 27258, 28672, 9502. 5487, 6430, 6537,

G4
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Table 19. 3NO Cod-regressions of total F(F,) on effort for different terminal
F(Ft) values.

YEAR EFFORT (hrs) Faq At Fp
: Can (N}

1.6 5 .20 .25 .30 .35
1973 157,000 .73 .74 .74 .74
1974 216,664 .11 114 1.6 1.7
1975 100,395 .58 .62 .65 .67
1976 67,453 © .54 .60 .65 .69
1977 31,804 4 17 .19 .22
1978 31,250 .20 .25 .30 .35
vl .92 .89 .86 .83
a .092 .14 .18 .218
b ' .0046 .0045 .0044  .0042
Predicted F,, (1978) 235,280 .313  .348
ZC (1977-78) 47 .53 .58 .63
T6-10

Table 20. Regressions of a USSR abundance index at age 2 in 3N on VPA
abundance at age 3 using different values for F

£
YEAR CLASS USSR INDEX VPA ABUNDANCE AGE 3 at F.
' AGE 2 {3N)
.20 .25 .30 .35
1970 ' 35 34.3 33.7 33.3 33.0
197 51 31.8 30.6 29.8 29.3
1972 12 22.8 21.0 19.8 19.0
1973 42 37.1 31.5 27.7 25.1 *
1974 89 47.3 43.9 41.6 40.0
1975 : 92 48.2 44.7 42.4 40.8
1976 : 4 22.4 20.8 19.6 18.9
b .293 272 .258 .249
a 21.3 19.7 18.6 17.8
r .79 .81 .75 .69
r .62 .65 .57 .48

* Values below the Tine are predicted from regressions

G5



- 19 -

Table 21. Data used in 3NO cod projections
NATURAL MORTALITY = 0.200

AGE MEAN WT. SELECTION POGPULATION NUMBERS
3 0.720 0.057 40800.000
4 1.050 0.337 32291.000
5 1.550 1.020 12790.000
6 2.250 1.170 3375.000
7 3.740 1.000 1798.000
8 4.610 1.000 769.000
9 6.190 1.000 290.000

10 7.230 1.000 186.000

N 9.480 1.000 37.000

12 12.870 1.000 59.000

13 15.380 1.000 11.000

14 17.850 1.000 11.000

G 6



Table 22.

TOTAL

NUMBERS

40800.9
32291.0
12790.0
3375.0
1798.0
769.0
290.90
186.9
37.0
59.0
11.e
11.0

92417,

Table 23.

NUMBERS
3 18900.0
4 32744.1
5 23483.4
6 7327.7
7 1834.4
8 1937.4
‘9 443.7
10 167.4
11 107.4
12 21.3
13 33.9
14 ie.6
TOTAL 86113.
. Table 24.
NUMBERS
3 27000 @
4 15147.4
5 236190.3
6 13099.8
7 3860.3
8 1036.3
9 582.7
10 249.2
11 94.0
12 60.3
13 12.9
14 26.2
OTAL 76663,

- 20 -

RESULTS FOR YEAR 1978

AGE POPULATION POPULATION FISHING
VEIGHTS MORTALITY  NUMBERS

£29376.0
33905.5
19824.5
7593.7
6724.5
3545.1
1795.1
1344.8
350.8
759.3
169.2
196.3

105585.

0.0200
0.1185
0.3570
0.4097
0.3500
0.3499
0.3496
0.3494
0.3516
0.3531
9.3554
0.3554

CATCH

731.0
3276.9
3501.0
1035.2

484.9

207.0

78.0
5¢.0
10.0
16.0
3.0
3.0

9395.

RESULTS FOR YEAR 1979
AGE POPULATION POPULATION FISHING
WEIGHTS MORTALITY  NUMBERS

13608.0
34381.3
36399.2
16487.3
6860.6
4782.4
2746.5
1210.2
1017.9
874.3
521.9
2e5.3

118515.

0.0213
0.1270
0.3844
@.4409
0.3769
0.3769
0.3769
0.3769
0.3769
0.3769
0.3769
0.3768

CATCH

361.6
3548.0
6836.9
2385.4

525.3

297.1

127.1

47.9
3e.

WOMmD
. N Pt

14179.

RESULTS FOR YEAR 1980

GE POPULATION POPULATION FISHING
UEIGHTS MORTALITY  NUMBERS

13608.0
15904.8
36596.0
29454.0
14437.4
4749.7
3606.7
18e1.8
891.2
776.2
184.1
466.8

122477.

0.0108
0.0640
0.1938
9.2223
0.1900
0.1900
0.1900
0.1500
0.1900
e.1900
0.1900
0.1900

CATCH

183.3
852.7
3782.2
2373.7
607.3

G7

CATCH
UEIGHTS

. 526.3
3440.7
5426.5
2329.3
1810.2
954.3
482.8
361.5
94.8
205.9
46.1
53.5

15732,

CATCH
WEIGHTS

26o.4
3725.4
10595.8
5367.8
1964.6
1369.5
786.5
346.5
291.5
78.5
149.5
€4.5

25000.

CATCH
WUEIGHTS

131.9
895.3
5862.4
5340.8
2271.5
747.3
567.4
283.%
140.2
122.1
29.9
73.4

16-520.,

RESIDUAL
NUNBERS

32744.1
23483.4
7387.7

1834.4

1037.4
443.7
167.4
107.4

21.3
33.9
6.3
6.3

67213.

RESIDUAL
NUMBERS

15147.4
23610.3
13090.6
3860.3
1030.3
582.7
c49.2
94.0
60.3
2.0
19.1
7.1

57763.

RESIDUAL
NUMBERS

15308.5
11632.3
15924.9
8581.4
2613.6
697.6
394.5
168.7
63.7
40.8
8.1
17.7

85452,

RESIDUAL
WEIGHTS

23575.7
24657.6
11357.9
4127.3
3879.9
2045.4
1036.1
776.3
c202.o0
436.8
97.1
112.7

72305.

RESIDUAL
VEIGHTS

10906.2
24790.8
20290e.5
8685.6
3853.3
2686.1
1542.6
679.7
571.7
154,1
893 - e"
126.6

74580.

RESIDUAL
WEIGHTS

11e22.1
12213.9
24683.6
19308.2
9774.9
3215.8
2441.9
1219.9
603.4
525.%
124.6
316.0

85450.
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3N-Biomass Vs - Canadian_(N) OT.5

50 L
Aot
76
| 74
.2n - - —
25 50 75 100 150 200
Biomass metric tons on a per mille basis
Fig. 1. Biomass estimate from surveys Vs - Canadian (N) (0T-5) catch per unit effort.

GS8



Yield-per-recruit kgs.
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1.5

.5 1.0

Fishing mortality (F)
. Fig. 2. Yield-per-recruit curve for 3NQ cod - 1978.
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y:0-0408 + 0-0062x
r:0-67

EFFORT 78:75,000 HOURS
F,,20Si ‘

1 l

00
SPAIN PT — TC 4 — HOURS

200 250

L ! I

0 -
09 -
o8 .
+
.07k i
|
'@ T 76 ]
Bos| 4
=
04 , y:00729 + 0-0038X .
-*60 r2=0-45
03 o'59 EFFORT 78:=88,200 HOURS T
02 Fry=0-41 i
. o'l R -
o & 1 l_. ] b ]
50 100 150 - 200 250

STANDARDIZED EFFOI_i‘T = HOURS

' 'Fig. 3. Relationship of weighted F (4+) to effort for Spain pair trawl

(t.c. 4) and a standardized effort.
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