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

International Commission for II the Northwest Atlantic Fisheries 

Serial No. 5230 
(D.c.3) 

ANNUAL MEETING - JUNE 1978 

ICNAF Res. Doc. 78/VI/62 

Silver hake (MeX'ZuceiUB biU,nearis) in I<"'IAF Div. 4VWX: a stock 
assessment and estimate of the total allowable catch (TAC) for 1979 

Introductioo 

by 

R. G. Halliday~ P. F. Lett and D. Clay 
Marine Fish Division 

Bedford Institute of Oceanography 
Fisheries and Marine Service 

Dartmouth, N.S., Canada 

The silver hcUce (Merluccius bilinearis) fishery in ICNAF Div. 
4\wx is a relatively ne\.\1 fishezy (beginning in 1958) carpared to tha hake 
fishezy in neighbouring Subarea 5 which has been .in progress for over 40 
years (Fritz, 1962). As can be seen in Figure 1 the 4VWX hake fishery has 
had a variable history. The USSR has been the major harvesting natioo, 
taking over 98% of the catch, from 1961 until 1975. In 1976 and 1977 quota 
allocaticns have reduced the USSR catch praporticn to 83% and approximately 
94% respectively. IEtailed histories of the fishe:ry and species biology 
can l:e found in Halliday (1973), lbubleday and HallidaY (1976), Noskov (1976), 
lbubleday and Hunt (1976), and lbubledaY and Hunt (1977). 

Although in previous years restricticns have been plaCEd on the 
fishery in tenrs of quotas, 1977 is the first year for restricticns by gear 
and area. The most ccmrron1y used ccdend flEsh size during 1977 was 60 nm, 
cxxrpared to 40 mu for previous years (Anon. 1976a). 

'!he general nethcxio1ogy for the present assessnent fo.llcMs that 
of lbubleday and Halliday (1976) and lbubleday and Hunt (1976). The h_ 
fran I<NAF Div. 4VWX will be asSUlTE.d to CXIlE from one stock, the bulk of 
which a::rces from Div. 4W. 

Catd1es 

Historical catches (Table 1 and Fig. 1) reached a peak of about 299,000 mt 
in 1973 and have been subject to catch quota rontro1 since then. The catch 
was apparently ronstrained by the TAC's in 1974-76 (TAC 1974=100,000 mt, TAC 
1975 = 120,000 mt, TAC 1976 = 100,000 rot). However, the 1977 TAC of 70,000 rot 
was substantially under-nm, provisional catdws being ab:mt 36,000 mt and no 
major fiShing country taking its allocaticn. ":&D data SOUrCES are available 
m the 1977 catch, ICNAF IOCnthly catch reports and weekly vessel catdl. reports 
to the Canadian Goverrurent (l_11ed FLiISH data henoeforth). _re is little 
difference between the two data sets (Fig. 2) but, since F1A'lH data are nore 
cx:np.rehensive, they were chosen as the basis for the calculaticns. 

Numbers rerroved at age 

Numbers removed at age for 1976 and earlier years are taken fran 
DoubledaY and Hunt (IlS 1977). In 1977, the Canada-{JSSR-Cuba intematicnal 
observer prograITm:! collected suhstantia1 catch sarrples throughout the 1977 
fishing season. These length-frequency sarrples were weighted up by catmes 
by m:::nth, sex and OJlIltry (a..tba., USSR and "others") wherever poosible. Mcnthly 
FIASH catch reports include discards in SrnE cases (Table 2). 'lbese discards 
were asS\med to be all less than 25 an in length - the length reported to be 
the maxi.mun size put to fishrreal aroard USSR trawlers, (quantities involved are 
trivial) . 
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otoliths collected through the intematimal cbserver prograrme, 
stratified by size, sex, IIDl1.th and fishing area, were read by J.J. Hunt using 
criteria developed at ICNAF .Ageing W::)J::kshops. Unfortmately I tirrE was not 
available to read sufficient otoliths to sustain this stratificaticn and age
length keys by sex for the whole area and season ~ cx:nstructed. 'lbese were 
enhanCEd by three point running averages and expressed as percentages at length 
(Tables 3a and b). '!hese keys were applied to the weighted annual length 
frequencies to give estinated n~rs relIDved at age in 1977 (Table 4). 

Natural mortality 

A natural martali ty, l1 = 0.40, has been used in previous 
assessrrents. The analysis of Terre and Marl (El77) lend support to this 
value and M =- 0.40 is again used in tlllS assessnent. 

Weight at age 

New observations on ~ight at length were taken in 1977 
(Clay, 1978a) which give the follaving length-weight :relaticnship: 

Wt(g) = 2.055 x 10-3 (TL(cm»3.317 

'!his is close to t:h:Jse giwn by Kehler et al, (1970) whidl were used in 
earlier assessrrents. HCJ.\EVer, previous nean weights at age were cbtained 
by reading the equivalent weight to the rrean length at age fran a length
weight table. In this analysis, weights at age were calculated (fran 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 nunber of fish, renoving 
the bias created by the earlier nethod. 'It'lIe ~ights at age ~ found to 
be: 

1 2 4 5 6 hJe 

Weight (kg) 0.044 

(0.051) 

0.122 

~ 

0.204 0.298 0.425 0.732 

(Previously used) (0.159) (0.270) (0.426) (0.635) 

This inplies that previC\lS yield per recruit and projected catches were over
estirrated. 

lE!crui t:nen t 

Inferences en recruiting year class size have proved difficult 

(0.905) 

to obtain. The nest promising relat.icnship to date is that between cbserved 1 
in September to year-class size at age 2 from VPA (Iklubleday and Hunt, n8 197~)). 
'!his relaticnship is again used here (Fig. 4). The predicted size of the 
1975 year class is 450 x 106 and of 'I:h= 1976 year class is 1,380 x 106 fish at 
age 2. Subsequent year ctasses are assured 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 
Fages 2_4(unwelghted) for 1966-74 were then regressed against fishing effort to 
obtain an estimate of 1976 fishing mortality. This F was distributed over age
groups using the historical selection pattern for 4D-mm mesh nets and the 
population generated for 1976 projected through 1977 using the known 1977 catch
at-age. The recruitment assumptions for 1975 and subsequent year-classes were 
as above. The resultant Fls at age in 1977 and implied partial recruitments are: 

Fishing Partial 
~ lbrtali ty Pecrui tment 

1 0.007 0.003 
2 0.270 0.106 
3 0.470 0.185 
4 1.526 0.600 
5 0.813 0.319 
6+ 2.545 1.000 
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'lhese values \Ere then wed as starting values for virtual 
pcpulaticn analysis (Table 5 ). 

Validaticn of the V.P .A. 

Average fishing mortalities were again calrulated based upcn age 
2 to 4 once more and plotted against fishing effort (Figure 3 ). <nly 
1974 tlu:ough 1976 walld be effected by the partial recruit1Ients in 1977. 
Interestingly, the partial recruit1Ient in 1977 has fallen arrcng the 1 to 3 
year olds in reS[XlIlse to the inplenentaticn of the 60 mn nesh size. 

The overall gearetric regressicn (Ricker 1973) fit the data 
exttarely well (r = 0.95) with the line intercepting very close to the 
origin (Figure 3 ). Although the points for this regressien sean to be 
distributed s~t rancbnly, th= 74 to 76 points fonn a ti..ne series 
naking it a little difficult to o::rment en the validity of the starting values 
in 1977. Ha-vever, it dces indicate that the effort data is consistent with 
changes in exploitatien wi thin the fishery. 

'Ib check m the validity of the V.P.A. nurIDers at age the 2+ 
bianass was plotted against the cx:mrercial catch per unit efforts. The 2+ 
bianass was used sinCE it represented the bianass actually elqJloi ted tetter 
than the 1+ biooass althoogh both relaticnships are tight. A G.M. regressien 
produced the follCMing equaticn 

. -6 
C.U.E. = 8.575 x 10 B

2
+ + 0.227 r = 0.93 

where OJE is in hours fished and B2+ is in netrie tms. The bianass in 
1977 is appo:atimately 120,000 mt w!lich predicts a catch per unit effort of 
1.26 tens 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 tpCl1. the FIASH data. Dna?; IrOre, fiAC3H data was used to estimate effort 
o>u..:en 1800-2200 days in 1977. Given the changes in the selecticnoof the 
fishery and closed area it is inpressi \Ie that the agreerrent is as concise. 

Yield per IEcruit 

Due to changes ill selectiOl and a re-evaluatian of rrean \Eight 
it was neoessru:y to recalculate Fmax. and FO.l for the pw:pose of managarent 

advice. TIle maxirnun yield per recruit was 0.075 (Fig. 5 ) with Fmax 

being 2.8. FO• l was detennined to 0.96. 

Catch Projecticn 

The catch projecticn was ccnducted using F.S.D .. P. program 
PlWECl' written in APL for standard stock assessrrent. Further details 
abalt the program are available en request. Standard year classes of 1 x 109 
fish were designated for 1978 to 1980.. The results were as follcMs: 

AGE I 1977 197R 1979 lQ80 
---+--------------------------------

1 I 210000n 1000000 10noono ~OOOOOO 
2 I 426103 139A402 66A373 668373 
3 I 2A0622 21697A R45495 4041nR 
4 I 23976 1159R7 121410 473096 
5 I 5A35 2785 42740 44739 
6 I 1660 1661 1365 20Q44 
~I 2R38196 2735A14 26793A3 2611259 
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POPUIATICN BICf.lI\SS rn MErRIC TCNS 

1G1. I lq77 lq7A lq7q 1QAO 

---+----------------------------------------
1 I 9~400.00 44000.00 44000.00 44000.00 
~ I 519A4.57 170605.10 01541.53 81541.53 
3 I 57~46.A9 44263.53 1724AO.92 8243A.09 
4 I 7144.A5 34564.13 361AO.14 1409A2.52 
5 I 2479.AA 1183.72 lA164.'0 19013.9' 
6 I 1215.1~ 1216.1A 999.04 15330.66 

romu. '-121.j.71.~n 2Q!)A3?.fi6 353366.3::1 ~~13nn.77 

CArol rn MErRIC iWS 

lq77 lq7R lq7g 1QRO 
---+------------------------

1 I 49A 105 105 105 
2 I 10229 13692 6544 6544 
3 I 1'970 59n9 23336 11154 
4 I 4A36 12742 1333A 519'3 
5 I llSR 261 4000 41A7 
F, I qq5 f)3q 525 ROf)O 

I 35696 33427 47"4" 82023 

FISHING MORl'lILIT:{ 

I 1977 1970 1979 1900 
---+---------------------

1 I .007 .003 .003 .003 
2 I .275 .102 .102 .102 
3 I .404 .178 .178 .17A 
4 I 1.753 .578 .578 .57A 
5 I .A56 .307 .307 .307 
6 I 2.545 .963 .963 .91\3 

The 1978 TAC was set at 81,000 mt based tt><n the criteria of FO•1 
(D:Jubleday and Hunt 1977). Based \lpal the llI'W calOll;atians this figure 

would dmp to 33,000 mt. Indeed, according 1:9 the present calcualticns 
it is inpossilile to take 81,000 tens :in 1978" •. The 1979 TAC shoold be set 
at 48,000 tens. ~ will allow the biomass to increase fran 210,000 mt 
to 380,000 be1:l.'een 1977 and 1978. The cbject is the sare for this stock, 
to stabilize the bianass and theJ:efo:re the catch. 
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Table 1. Silver hake landings from ICNAF Div. 4VWX by Division and Country (metric tons round). 

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 8,854 8,825 29 
1963 168 116,388 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 6

1 
2,476 1 

1968 2 237 3,150 58 3,523 5 76
1 

3,441 1 
1969 1,230 43,563 1,558 46,564 2131 

46,323 28
3 

1970 5,116 158,938 4,991 169,045 129 168,916 
1971 11 3,000 119,452 6,190 128,653 8 128,633 1 114 
1972 75 108,769 5,204 114,048 63 113,774 211

5 

1973 3,431 265,105 30,085 298,621 88 298,533 
1974 712 86,927 8,106 95,745 111 67 95,371 296

6 

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 

GOR 
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 

Jan 

Feb 

Mar 

Apr 

May 

June 

July 

Aug 

Sept 

Oct 

Nov 

Dec 

Unspecified 

Total 

Allocation 

USSR 

1456 

4411 

9659 

3398 

9194 

2992 

934 

46 

(14) 

32104 

44950 

Cuba Others 

83 

69 

313 + 

514 8 

763 715 

121 76 

6 

+ 

85 

1 

921 

(13) 

1863 1825 

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 2 3 4 5 6+ 

01-16 100.0 0 0 0 0 0 

17 96.7 3.3 0 0 0 0 

18 89.7 10.2 0 0 0 0 

19 81.6 18.4 0 0 0 0 

20 70.6 29.4 0 0 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 0 

25 7.6 83.0 9.3 0 0 0 

26 3.8 82.3 13.9 0 0 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 0 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 61.1 34.7 0.8 0 

35 0 1.2 45.7 51.8 1.2 0 

36 0 0 28.9 66.7 2.2 2.2 

37 0 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 0 0 50.0 0 50.0 

42-70 0 0 0 0 0 100.0 
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Length (em) 

01-16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54-70 

1 

100.0 

97.6 

93.8 

89.1 

79.3 

71.2 

64.4 

46.7 

31.2 

18.3 

5.1 

1.1 

a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
o 
a 
a 
a 
a 
a 
D 

a 
a 
o 
a 
o 
o 
o 
o 
o 
o 
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'l'able 3 (b) 

Female SilvI'! Hake 
Ages 

2 3 4 

o 
2.4 

6.3 

10.9 

20.7 

28.8 

35.6 

51. 7 

62.3 

73.2 

84.8 

80.9 

75.2 

66.0 

52.7 

40.7 

29.8 

17.5 

10.1 

6.2 

1.6 

o 
a 
a 
a 
a 
o 

a 
o 
o 
o 

o 
o 
o 
o 
a 
o 
o 
o 

o 
a 
a 
a 
a 
a 
a 
1.7 

6.6 

8.5 

10.1 

17.0 

23.1 

32.7 

45.7 

56.5 

64.0 

69.7 

68.5 

59.3 

50.:: 

39.J 

28.2 

22.1 

17.3 

12.5 

4.4 

2.9 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
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a 
o 
o 
o 
o 
o 
o 

o 
o 

o 
o 
1.1 

1.7 

1.3 

1.6 

2.4 

5.8 

11.8 

19.2 

32.5 

40.8 

50.0 

51.9 

44.2 

46.9 

39.1 

47.8 

45.7 

32.0 

27.8 

12.5 

6.7 

6.9 
7.1 

o 
o 
o 
o 
o 

5 

o 
o 

o 
o 

o 
o 

o 
o 
o 
o 
o 
o 
o 
a 
o 
0.5 

0.4 

0.9 

1.8 

1.4 

6.0 

9.7 

17.6 

29.8 

32.1 

40.6 

39.1 

37.1 

40.0 

38.9 

31. 3 

33.3 

23.5 

14.3 

16.7 

13.3 

20.0 

11.1 

a 

6+ 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
a 
o 
o 
o 

a 
o 
o 

0.5 

0.5 

1.1 

1.3 

2.3 

3.9 

3.7 

7.8 

8.7 

14.3 

28.0 

33.3 

56.3 

6U.O 

70.6 

78.6 

83.3 

86.7 

80.0 

88.9 

100.0 
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Table 4. Catch numbers in thousands of 4VWX Silver hake from 1966-1977 (updated from earlier assessments). 

YEA R S 
AGE 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 

1 10220 0 84 21456 20831 Ij' 65461 1.49692 102212 804:~2 143125 78·180 11322 
2 9795 7576 18218 242169 702322 553957 414279 1449980 4050·14 376358 480015 83841> 
3 406 8()4 1910 19474 68653 202177 102440 118398 4(1'437 4:!256 39762 80087 
4 34 67 159 2154 6234 14761 13167 12715 50B7 4347 4195 16228 
5 9 18 43 740 2026 3802 5074 4512 2115 1807 1504 ~748 

6 13 26 61 90 1013 3131 0 1094 457 391 138 1359 

Numbers at Age VPH M 0.4 

1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 

Age 

1 QR40R 1~4414 7~n577 lq42461 11312004 U.G!7!}? ?,QQR?'4fi 1.0'11;56 q7~. fiG/; 1F.7~qq1 711. S?? 2100000 
2 4011A 5?SQ7 QOln1 4RGfi!'i2 1?R4S04 q~ onn,. '14521)1.j. iRR???? fin?l~q1 SP"i4flS H'lnl~q1n 4'fil0~ 
3 '120 lRR71 12401i 4S4A1 ,. ,qqs? ?,RliOlli '.SFi4S~. 1li03A1 77qn1 7??41 R411' 2AMi?? 
4 1251 ~.OAq l1qq3 ? n~. s q '.4541 :lOqOl 2lil qlr ?~.n01. ,nS?? 11 745 11R?q 21q7F; 
5 504 Rl1 Ii? S ?QOq 11750 IHi4S Rli2q li77A 11'fiA ?q?? 41 ~ II 'iR1S 
6+ lfifl ~~1 "i?q 41A 1: fifl F. 1"217 1 1li10 RSO 7,7 II'7Q 1r..f,n 

Fishing Mortality at Age 

1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 
Age 

1 .116 .000 .000 • ClI~ • ,. 7 2 .Oliq .Oli1 .110 .107 .1 '_0 .:"- 4 0 • n~. 0 
2 .154 .1 7 5 .2A4 • q27 1.tO? 1. :Hjl 1.111i ?.7A7 1.7?1 1.51A .A7fi .?70 
3 .ns .051 .n75 .740 ' .• 011i 1.gQt i.IinA 2.1tq 1.4q2 ,_ • 253 .P5R .47n 
4 .034 .07R .01n .140 .741 .R7fi .qS? 1.345 .RAIi .liO? .4fi3 1.S21i 
5 .022 .027 .0Rl .121 .n7 ~.?21i 1.2li7 t.Ii?7 1.2B ' .• 40 q .S5S .R11 
6+ .100 .10n .150 .300 .300 .qOO 1.000 1.500 l.nnn 1.00n .4?1 ?S4S 

Average F 2 - 4 .218 .102 .125 .602 .960 1.409 1.232 2.151 1.366 1.131 0.732 .755 
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Fig. 2. 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 statistics for individual months of 1977). 
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