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Introduction

The silver hake (Merluccius bilinearis) Ffishery in INAF Div.
AWK is a relatively new fishery (beginning in 1958} compared to the hake
fishery in neighbouring Subarea 5 which has been in progress for over 40
years (Fritz, 1962). 2As can be seen in Figure 1 the 4VWX hake fishery has
had a variable history. The USSR has been the major harvesting nation,
taking over 98% of the catch, from 1961 until 1975. In 1976 and 1977 quota
allocations hawe reduced the USSR catch proporticn to 83% and approximately
94% respectiwvely. Detailed histories of the fishery and species biology
can be found in Halliday (1973), Doubleday and Halliday (1976), Noskov (1976),
Doubleday and Hunt {1976), and Doubleday and Hunt (1977).

Although in previous years restrictions have been placed on the
fishery in terms of quotas, 1977 is the first year for restrictions by gear
- and area. The most commonly used codend mesh size during 1977 was 60 mm,
compared to 40 mm for previous years (Anan. 1976a).

The general methodology for the present assessment follows that
of Doubleday and Halliday (1976) and Doubleday and Hunt (1976). The hake
from IONAF Div. 4VWX will be assumed to oome from ane stock, the bulk of
which comes from Div. 4W.

Catches

Historical catches {Table 1 and Fig. 1) reached a peak of about 299,000 mt
in 1973 and have been subject to catch guota control since then. 'The catch
was apparently constrained by the TAC's in 1974-76 (TAC 1974=100,000 mt, TAC
1275 = 120,000 mt, TAC 1976 = 100,000 mt). However, the 1977 TAC of 70,000 mt
was substantially wnder-nmn, provisicnal catches being about 36,000 mt and no
major fishing country taking its allocation. Two data sources are available
ch the 1977 catch, IQUAF monthly catch reports and weekly vessel catch reports
to the Canadian Government (labelled FLASH data henceforth). There is little
difference between the two data sets (Fig. 2) but, since FLASH data are more
caprehensive, they were chosen as the basis for the calculatios.

Numbers removed at age

Nurbers removed at age for 1976 and earlier years are taken from
Doubleday and Hunt (MS 1977). In 1977, the Canada-USSR-Cuba intematicnal
chserver programme collected substantial catch samples throughout the 1977
Fishing season. These length-frequency sanples were weighted up by catches
by month, sex and comtry (Cuba, USSR and "others") wherever possible. Manthly
FIASH catch reports include discards in sore cases (Table 2). These discards
were assumed to be all less than 25 an in length ~ the length yeported to be
the maximum size put to fislmeal aboard USSR trawlers, (quantities involved are
trivial). -
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Otoliths collected through the intemational chserver programoe,
stratified by size, sex, month and fishing area, were read by J.J. Hunt using
criteria developed at INAF Ageing Workshops. Unfortimately, time was not
available to read sufficient otoliths to sustain this stratification and age-
length keys by sex for the whole area and season were omnstructed. These were
enhanced by three point mmning averages and expressed as percentages at length
(Tables 3a and b). These keys were applied to the weighted annual length
frequencies to give estimated mmbers removed at age in 1977 (Table 4).

Natural mortality

A natural mortality, M = 0.40, has been used in previous
assessments. The analysis of Terre and Mari (1977) lend support to this
value and M = 0,40 is again used in this assessment.

Weight at age

New observations on weight at length were taken in 1977
(Clay, 1978a) which give the following length-weight relationship:

Wtlg) = 2.055 x 107 (TLian)) 37

This is close to those given by Kehler et al. (1970) which were used in
earlier assesaments. However, previous mean weights at age were cbtained
by reading the equivalent weight to the mean length at age fram a length-
weight table. In this analysis, weights at age were calculated (from the
new data obtained in 1977) by adding up the individual weights of all fish
by length in each age group and dividing by the mumber of fish, removing
the bias created by the earlier method. The weights at age were found to
be:

age i 2 3 4 s X
Weight (kg) 0.044 0.122 0.204 0.298 0.425 0.732
(Previously used)  (0.051) {0.159) 0.270)  {0.426) (0.635)  {0.905)

This implies that previous yvield per recruit and projected catches were over-
estimated.

Recruitment

Inferences on recruiting year class size have proved difficult
to cbtain. The most promising relationship to date is that between dbserved 1
in Septenber to yearclass size at age 2 from VPA (Doubleday and Hunt, M5 1978) .
This relationship is again used here (Fig. 4). The predicted size of the
1975 year class is 450 x 106 and of the 1976 year class is 1,380 x 106 fish at
age 2. Subsequent year classes are assuned to be about 700 x 106 fish at age 2
(equivalent to 1,000 x 10° fish at age 1}.

virtual Population Analysis

Arbitrary partial recruitments and starting F values were used in
1977 to generate a matrix of fishing mortalities for earlier years. The mean
Fuges 2-4 (unweighted) for 1966-74 were then regressed against fishing effort to
ob%ain an estimate of 1976 fishing mortality. This F was distributed over age-
groups using the historical selection pattern for 40-um mesh nets and the
population penerated for 1976 projected through 1377 using the known 1977 catch-
at-age, The recruitment assumptions for 1975 and subsequent year-classes were
as above. The resultant F's at age in 1977 and implied partial recruitments are:

Fighing Partial
Age Mortality Recrui tment
1 0.007 0.003
2 0.270 0.106
3 0.470 0.185
4 1.526 0.600
g 0.813 0.319
&+ 2.545 1.000
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These values were then used as starting values for virtual
population analysis (Table § ).

Validation of the V.P.A.

Average fishing mortalities were again caloulated based upan age
2 to 4 once more and plotted against fishing effort (Fiqure 3 ). Only
1974 through 1976 would be effected by the partial recruitments in 1977.
Interestingly, the partial recruitment in 1977 has fallen among the 1 +o 3
year olds in response to the implementation of the 60 mm mesh size.

The overall geametric regression (Ricker 1973) fit the data
extremely well (r = 0.95) with the line intercepting wvery close to the
origin (Figure 3 ). Although the points for this regression seem to be
distributed samewhat randomly, the 74 to 76 points form a time series
making it a little difficult to comment on the validity of the starting values
in 1977. Howewer, it doss indicate that the effort data is consistent with
changes in exploitation within the fishery.

To check an the validity of the V.P.A. mmbers at age the 2+
biamss was plotted against the camercial catch per wnit efforts. The 2+
biomasg was used since it represented the bicmass actually exploited better
than the 1+ bicmass although both relationships are tight. A G.M. regression
produced the following equaticn

C.UE. = 8.575 x 10°° Byt + 0.227 r=0.93

where AJE is in hours fished and B " is in metric tons. The biamass in

1977 is apprexcimately 120,000 mt which predicts a catch per wnit effort of
1.26 tons per hour (Fig.4 ). This means that the effort in 1977 was probably
near 28,483 hours or 2,734 days. The ratio of days to hours fished was
based wpon the FLASH data. Once more, FLASH data was used to estimate effort
between 1800-2200 days in 1977. Given the changes in the selectioncof the
fishery and closed area it is impressive that the aqreement is as concise.

Yield per Recruit

Due to changes in selection and a re-evaluation of mean weight
it was necessary to recalculate Fmax and F0 1 for the purpose of management

advice. The maximm yield per recruit was 0.075 (Fig. S ) with F o
being 2.8. FO ] was determined to 0.96.

Catch Projection

The catch projection was canducted using F.S.D.P. program
PROJECT written in APL for standard stock assessment. Further details
about the program are available on request. Standard year classes of 1 x 109
fish were designated for 1978 to 1980, The results were as follows:

NI]MBERSATA(ExlO3

!

+
1 | 2100000 1000000 1000000 1000000
2 | 476103 1398402 GRB3ATI RER3T3
3 | 280622 216978 RuS495 4O4INA
u | 73976 115987 121410 473096
s | SR35 2785 L2740 4u7349
65 | 1660 1661 1365 20944

| 2838196 2735814 2679383 2B1125¢
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POPULATION BIOMASS TN METRIC TONS

Az ! 1977 1978 1979 1980
_.._.'. __________ o e A S S WY AR N R N R M E e e W R W PR = e e - -
1 1 9240D0,.00 LL4LOO0.00 HEOOD.DN  LuOOO. N0 .
2 | 51984,57 170605.10 A81581,53 HA1541_53
3 | 57246.R9 44263.53 172480.92 B2438,09
Lo 7144 .85 34564,.13 3A6160,1u 140982 .57
5 f 2479,.88 1183.72 18164.70 19013,97
6 | 1215.12 1216.18 999,04 15330.66

TOTAL 212u71,30 295832,66 353366.33 °°330AR,77

CATOH IN METRIC TONS

| 1977 197RA 1979 1980

945 639 525 ANBN
35696 33427 47848 #2023

The 1978 TAC was set at 81,000 mt based uypmm the criteria of F

(Doubleday and Hunt 1977). Based upon the new calaalations this figure
would drop to 33,000 mt. Indeed, according to the present calcualtions
it is impossible to take 81,000 tons in 1978, - ‘The 1979 TAC should be set
at 48,000 tns. This will allow the hicmass to increase from 210,000 mt
o 390,000 between 1977 and 1978. The abject is the same for this stock,
to stabilize the biamass and therefore the catch.

0.1
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Table 1.

Silver hake landings from ICNAF Div.

tons round).

4VWX by Division and Country (metric

ICNAF DIVISION COUNTRY
Year 4Vn 4Vs 4w 4x Total Canada Japan USSR USA Others
1960 - - - 187 187 - - - 187 -
1961 - - - 2 2 - - - 2 -
1962 - - 8,825 29 B,854 - - 8,825 29 -
1963 168" - 1l6,388 6,472 123,028 - - 123,023 5 -
1964 32 - 62,905 18,210 81,147 - - 81,147 - -
1965 180 2 49,461 379 50,022 5 - 49,987 27 32
1966 40 0 3,860 6,423 10,323 - - 10,323 - -
1967 - - 1,834 643 2,483 - 68 2,476 T -
1968 2 237 3,150 58 3,523 5 761 3,441 1 -
1969 = 1,230 43,563 1,558 46, 564 - 2131 46,323 - 283
1370 - 5,116 158,938 4,991 169,045 - 129 168,916 - -
1971 11 3,000 119,452 6,190 128,653 - 8 128,633 1 ll4
1972 - 75 108,769 5,204 114,048 - 63 113,774 - 2115
1973 = 3,431 265,105 30,085 298,621 - 88 298,533 - -
1974 - 712 86,927 8,106 95,745 11 67 95,371 - 2966
1975 - 1,512 97,540 17,234 116,286 101 54 112,566 7 3,558
1976 735 44,007 45,837 6,605 97,184 26 78 81,216 1 15,863
19777 - - - - 35,765 921 2 32,090 - 2,752
1 Not recorded by Division
2 France (SP)
3 GDR
4 Spain
5 FRG 10 mt, Cuba 201 mt
6 FRG
7

Preliminary Statistics
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Table 2. Silver hake,

Div 4VWX:

FLASH catch and discard statistics
metric tons round (discards in parenthesis)

Country
Month USSR Cuba Others
Jan - - -
Feb - - -
Mar 1456 83 -
Apr 4411 69 -
May 9659 313 +
June 3398 514 8
July 9194 763 715
Aug 2992 121 76
Sept 934 - 6
Oct - - +
Nowv 46 - 85
Dec - - 1
Unspecified (14) - 921
{13)
Total 32104 1863 1825
Allocation 44950 8910 16140
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Table 3(a). Enchansed age length key for 4VWX Silver hake in 1977.

Numbers

are expressed as the percentage of each length group in an

age group.
Male Silver Hake
Length (cm) Ages
1 3 4 5 6+
0l-16 100.0 o o 0 4] 0
17 96.7 3.3 o] O 0 0
i8 89.7 10.2 0 0 O 0
19 81.6 18.4 o 0 0 0
20 70.6 29.4 0 4] 0 0
21 57.4 42.6 0] 0 0 0
22 42.6 55.5 1.8 0 0 0]
23 24.6 72.1 3.3 0 0 0
24 16.5 75.3 8.2 0 ) 0
25 7.6 83.0 9.3 0 0 0
26 3.8 B2.3 13.9 0 4] 0
27 1.6 75.9 22.0 0.5 0 0
28 0 69.0 30.5 0.5 0 0
29 0 57.5 41.6 0.9 0 0
30 o] 44.3 53.8 1.9 0 0
31 0 31.5 65.5 2.5 0.5 0
32 0 19.1 70.8. 9.5 0.6 0
33 0 8.5 69.1 21.7 0.7 0
34 0 3.3 6l.1 34.7 0.8 0
35 0 1.2 45.7 51.8 1.2 0
36 0 o 28.9 66.7 2.2 2,2
37 o] 0 21.0 68.4 0 5.2
38 0 0 20.0 60.0 0 20.0
39 0 0 0 50.0 0 50.0
40 0 0 0 50.0 0 50.0
41 0 o 0 50.0 0 50.0
42-70 C 0 0 0 0 100.0
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Table 3 (b)
Female Silver Hake

Length (cm) Ages

1 2 3 4 5 6+
01-16 100.0 0 0 0 0 a
17 97.6 2.4 0 0 0 o]
18 93.8 6.3 0 o] 0 0
19 89.1 10.9 0 0 8] o]
20 79.3 20.7 0 0 0 4
21 71.2 28.8 0 ° 0 0
22 64.4 35.6 0 4] 0 0
23 46.7 51.7 1.7 0 0 0
24 31.2 62.3 6.6 0 0 0
25 18.3 73.2 B.5 0 0 0
26 5.1 B84.8 10.1 0 0 o]
27 1.1 80.9 17.0 1.1 0 0
28 0 75.2 23.1 1.7 O 0
29 0 ©6.0 32.7 1.3 0 0
30 0 52,7 45.7 1.6 0 0
31 o] 40.7 56.5 2.4 0.5 0
32 0 29.8 64.0 5.8 0.4 4]
33 0 17.5 69.7 11.8 0.9 0
34 0 10.1 68.5 19.2 1.8 0.5
35 0 6.2 59.3 32.5 1.4 0.5
36 0 1.6 50.% 40.8 6.0 1.1
37 0 o] 39.3 50.0 9.7 1.3
38 0 0 28.2 51.9 17.6 2.3
39 0 o 22.1 44.2 29.8 3.9
40 0 o 17.3 46.9 32.1 3.7
41 0 0 12.5 39.1 40.6 7.8
42 0 0 4.4 47.8 39.1 8.7
43 0 Q 2,9 45.7 37.1 14.3
44 0 0 0 32.0 40,0 28.0
45 0 0 0 27.8 38.9 33.3
46 0 0 0 12.5 31.3 56.3
47 0 v} 4] 6.7 33.3 60.0
48 0 0 0 6.9 23.5 , 70.6
49 0 o] 1] 7.1 14.3 78.6
50 0 0 0 0 16.7 83.3
51 T o ] 0 0 13.3 86.7
52 0 0 0 0 20.0 80.0
53 aQ ¢ 0 0 11.1 88.9
54-70 0 0 4] 8] 0 100.0
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Table &. Catch numbers in thousands of 4VWX Silver hake from 1966-1977 (updated from earlier assessments).
YEARS
AGE 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1877
1 10220 0 84 21456 208319% 465461 149492 102212 BO432 143125 78480 11322
2 9795 7576 18218 242169 702322 553957 414279 1449980 408044 376358 4800135 B3B46A
3 404 804 - 1910 19474 68653 202177 102440 118398 4P {37 AD254 397462 BROE7
4 34 &7 159 2154 4234 14761 13167 12715 5087 4347 4195 14228
5 ? 18 43 740 2024 3802 5074 4512 2118 1807 1504 2748
6 13 26 &1 20 1013 3131 0 1094 457 391 138 1359
TaBAE S,
Numbers at Age VPH M = 0.4
1966 1267 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977
Age
1 98408 13a8u14 73INETT 1Q42461 16172004 1191787 2998246 1023R5F 971696 1770993 721597 2100000
2 40118 57547 90101 ULR9ARS2 1ZRLUSNE 910002  TURIRL 1BRT?227  ANPHGY  5R540%5 1000LQ3IA L2AR4NT
3 2120 1”73 32406 B54R1 129952 2RAN16  1G5ALSY  1AN3A3 77903 72?201 fu333  28NR272
4 1251 1089 11993 20159 1u5u3 inani 26194 21.n01 ansT? 117u5 138729 2397hR
[ a04 A11 B75 7909 11750 LhLs fRR29 h77R ARARRA 2922 yatn 58135
6+ 16R 331 K29 B1R LAROA RO17 1 1R30 850 707 TR 1680
Fishing Mortality at Age
Age 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977
1 L1136 ,000  L000 .o L1372 L0R9 0K3 130 107 410 1un _o1p
2 L3548 L175  L,284  ,0927 1,102 1,381 1,138 2,787 1,721 1,538 876 _97n
3 L2RB  .05K3 N7T5 2740 3,036 1.991 1,608 2,329 1,492 1_.253 JARR LJuTn
a L0334 078 L0146 140 T4 (87K L952 1.345 _BAR  L,B02  _4FD 1.59F
5 L0022  ,027 ,081 (121 .237 9.726 1,267 1,677 1.219 1,408 555 a1y
6+ L1006 L2000 L1550 ,300 (300 900 1,000 1.500 1,600 1,000 ,u93 5 545
Average F 2 - 4  .218 .02 .125 .602 .960 1.409 1.232 2,151 1.366 1.131 0.732  .755
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Fig. 2.

Mar Apr May June July Aug Sept

A comparison of the 1977 catch statistics for silver hake as reported to FLASH by
the fishing captains and as reported to ICNAF by the Member Countries. (ICNAF data
from provisional catch statisties for individual months of 1977).
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GM Regression
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