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INTRODUCTION 

ICNAF Res. Doc. 79!VI!B4 

pre,selnts an update of the status of the silver hake 
stock on Georges Bank (ICNAF Subdiv. 5Ze). The data 

c,=-'+i~n-=-~'udes conmercial catch statistics for 1955-77 and research 
vessel bottom survey data since 1963. Past levels of stock size and fishing 
mortality (F) were estimated from catch-at-age data utilizing virtual population 
analysis (VPA). Catches tn 1979 at varying levels of F and resulting 1980 stock 
sizes were projected under the assumptions of estimated catch and levels of re
cruitment in 1978. 

CATCH 

Catches by country for the period 1955-77 are listed in Table 1. Total 
catch increased from. an average of 19,000 tons during 1955-61 to nearly 239,000 
tons in 1965 followed by a rapid decline to 18,400 tons in 1969. Catches in
creased again and stabilized at an average of about 68,000 tons during 1971-75. 
The catch declined again in 1976 to 45,800 tons and decreased further in 1977 
to its lowest level since 1970 (44,300 tons). 

USA catches averaged 18,200 tons during 1955-63, but declined to average 
only 3,600 tons during 1968-76. The 1977 USA catch was 3,749 tons. 

The total allowable catch (TAC) was 80,000 tons each year during 1973-75 
and was reduced to 50,000 tons in 1976. An optimum yield (OY) of 70,000 tons 
was set for 1977, of which 15,000 tons was deSignated as USA capacity and 55,000 
tons as the total allowable level of foreign fishing (TALFF). In 1978 the OY 
was reduced to 58,800 tons of which 26,000 was allotted to the USA and 32,800 
as the TALFF. 

The 1978 foreign catch, reported through 2 December, was 3,788 tons. The 
USA conmercial catch was estimated to be 6,400 tons in 1978 from projections made 
comparing the 1977 catch with available 1978 monthly catches. Assuming a minimal 
foreign catch during the rest of the year, a total catch in 1978 was estimated 
to be 11,000 tons. 

CATCH COMPOSITION 

Table 2 contains the estimated catch (in-numbers) at age during 1955-77. Age 
3 and 4 fish made up the majority of the 1977 catch (89%) following a similar 
trend in 1976 (87% age 3 and 4 fish). 

Mean weights at age were applied to the numbers at age in Table 2 to obtain 
calculated catches. Ratios between observed and calculated catches range from 
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0.B65 to 0.997 and averaged 0.931. The 1977 means weights (unadjusted) were 
used for the 1979-80 catch and stock size projections. 

ABUNDANCE INDICES 

USA commercial catch per day increased from 22.B tons in 1975 to 46.1 tons 
in 1976. the highest catch rate since 1959. but decreased in 1~77 to 31.6. still 
the highest rate (after 1976) since 1966 (Table I. Figure I). This index of 
abundance (1955-77) has fluctuated considerably from year to year. but under-
went a downward trend from the late 1950's to a low of B.7 tons in 1972 before 
increasing. Since 1962 when the USSR fishery began. the USA catch has averaged 
only about 10% of the total international catch. The USA fishery has been con
fined to the northwest part of Georges Bank (Cultivator Shoal) and the area 
immediately east of Cape Cod. whereas the USSR fishery has been conducted through
out Georges Bank but primarily along the southern slope. Therefore. the USA 
catch per day index is based only on a small part of the total fishery. Never
theless. since the advent of the USSR fishery. the USA catch per day index has 
roughly paralleled changes in stock abundance as determined from virtual popula
tion analysis (Figure 1). 

The 1977 USA spring bottom trawl survey catch-per-tow index was the highest 
observed in the series (196B-present) but dropped to 0.72 in 197B. still higher 
than any since 1973 (except 1977). The autumn survey index dropped in 1977 after 
recording its highest level in 1976. 

FISHING MORTALITY 

Fishing mortality in 1977. the terminal year for virtual population analysis. 
was estimated for fully recruited ages from a linear relationship between inter
national fishing effort and fishing mortality. Fishing effort. defined as USA 
days fished. was determined by dividing international catch by USA catch per day 
(Table 1). Fishing mortality. as the weighted mean F for fully recruited ages. 
was obtained from VPA. An F of 0.42 was estimated for 1977 based on a regression 
between fishing effort and fishing mortality values from a previous VPA (Anderson. 
1977). A new VPA was performed using 0.42 as the terminal F for ages 4 and older 
in 1977 (Table 6). and a linear regression (r = 0.959. P = 0.01) between fishing 
effort and the mean F values from the new VPA for 1959-75 predicted an F for 1977 
of 0.424 (Table 5. Figure 3). The estimate of 0.42 was therefore accepted as 
the terminal F for 1977. 

Fishing mortality was at a low in 1961 at 0.14. rose to 1.27 in 1965 at 
the peak of the USSR fishery. declined to 0.27 in 1969. increased sharply to 1.43 
in 1971. and decreased almost continuously to 0.42 in 1977 (Table 6). 

RECRUITMENT ESTIMATES 

Estimates of the size of the 1974-77 year classes at age 1 were obtained 
from a power curve relationship between spring survey catch per tow. (numbers) 
at age 1 and year-class size at age 1 from VPA (r = 0.791. P = 0.05) (Table 
7. Figure 4). The autumn survey catch per tow (numbers) at age 0 has not been 
consistent with the spring index at age 1 or with year class estimates from 
VPA. 

The size of the 1974 year class at age 1 was estimated to be about 1.225 
million fish. which would make it an above-average year class exceeded in strength 
since 1954 only by the 1960-63 and 1973 year classes. 

The 1975 and 1976 year classes at age 1 were estimated to be about 520 and 
440 million fish. respectively. and are considered to be poor in strength. The 
largest year class observed was 3.257 million (1962). and the median and mean 
year class sizes were 790 and 1.100 million. respectively. The estimated 1975 
year class is exceeded in strength by all but six (including 1976) of the observed 
or estimated year classes and only four were as poor or poorer than the size esti
mated for the 1976 year class. 

The 1977 year class at age 1 was estimated to be approximately 2BO million 
fish which would make it the poorest observed in the series. 
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STOCK SIZE 

Estimates of stock size for 1955-77 were obtained by VPA (Table 6). Mean 
weights at age (Table 3) were applied to stock numbers at age to obtain stock 
biomass values. The yearly biomass values were corrected using the appropriate 
ratios between observed and calculated catch (Table 2). Stock size by age at 
the beginning of 1978 was determined by the relationship: N78 = N77e- Z77. 

Total stock biomass (age 1+) increased from 109,000 tons in 1955 to 
of about 800,000 tons in 1963 and then declined to 168,000 tons in 1970. 
increased again to 332,000 tons in 1975 and has since steadily decreased 
254,000 tons in 1978 (Table 6, Figure 1). 

a high 
Biomass 

to 

Spawning biomass (age 2+) increased from about 93,000 tons in 1957 to 
595,000 tons in 1964, decreased to 132,000 tons in 1971, and increased again 
to 250,000 tons in 1976. Spawning biomass declined to 218,000 tons at the beginning 
of 1978 (Table 6, Fi9ure 5). 

PARTIAL RECRUITMENT 

Silver hake have generally been fully recruited to the fishery in recent 
years by about age 3 as evidenced by age-specific fishing mortalities obtained 
by VPA (Table 6). Partial recruitment, defined here as the ratio between fishing 
mortality at a given age (in a given year) not fully recruited into the fishery 
and the mean F at the fully recruited ages in that year, was estimated to be 0.5% 
at age I, 9% at age 2, 67% at age 3, and 100% for ages 4+ in 1977, based on the 
F values estimated for that year at each age (Table 6). These values represent 
decreases from previous years and reflect to a certain degree the effect of the 
60-mm mesh regulation which was implemented effective 1 March 1977 for the 
foreign hake fishery. These estimates of partial recruitment were also used in 
the projections of catch and stock size for 1979-80. 

CATCH AND STOCK SIZE PROJECTIONS 

A total stock biomass of 253,500 tons was estimated to be available at the 
beginning of 1978, a 14% decrease from the 1977 total stock biomass. The spawn
ing stock biomass, was estimated to be 218,200 tons, a decrease of 10% from 1977 
(Table 6). 

Equilibrium yield calculations under conditions of a constant level of re
cruitment at age 1 and partial recruitment coefficients of 0.5, 9, 67, and 100% 
at ages 1, 2, 3, and 4+. respectively, indicate an FO.l of about 0.65. 

A total catch of 11.000 tons was assumed for 1978, requiring an F for ages 
4 and older of 0.093 and resulting in a spawnin~ stock biomass of 202,100 tons 
at the beginning of 1979 (7% decrease from 1978). An estimated 1978 year class 
of median strength (790 million fish) was also assumed. Catch projections for 
1979 and the resulting age 2+ spawning stock biomass in 1980 were calculated 
with F ranging from 0.05 to 1.00 (Table 8). Fishing at FO.1 in 1979 would result 
in a catch of 63,700 tons with a resulting decrease in the spawning stock biomass 
in 1980 of 0.6%. A catch of 62,300 tons (F = 0.632) in 1979 could be taken while 
still maintaining the same spawning stock biomass in 1980 as in 1979. 

STOCK-RECRUITMENT 

Spawnin9 stock biomass is plotted versus recruitment in Figures 5 and 6. 
A cyclical tendency appears evident for this stock (Fi9ure 5) as recruitment 
and spawning biomass rose from low 1eve1s in the mid-1950 's to peaks in the 
early 1960's, declined in the late 1960's to approximately the same levels as 
in the mid-1950's, and increased again in the early 1970's. The peaks in the 
1970's were much lower than in the early 1960's. 
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Peak recruitment occurrod from a spaoming bi ... ss of around 400,000 tons, 
with lower levels of recruitment occurrJng both above and below 400,000 tons. 
There is considerable variability in year class sizes at spawning biomass levels 
of 100,000-300,000 tons. Recruitment varied from around 500 million to 3 billion 
fish at age 1 with spawning biomass around 300,000 tons, and from 400 million to 
1.3 billion fish with spawning biomass around 100,000 tons. Above-average re
cruitment has been produced in about 25% of the observed years from a spawning 
biomass of 100,000-200,000 tons. 

LITERATURE CITED 

Anderson. E.O. 1977. Assessment of the Georges Bank silver hake stock. 
NMFS, HEFC, Woods Hole Lab. Ref. 77-21-

Sllver hake catch stAthttcs fro. the Georges .. .t stock1 

U" International 
Catch (MY) Catch/day effort as 

Year 8ulgarh. Canada Cuba FRG GIlR Ita)y Japan Poland Roun1a Spatn USSR USA Other Total (NT) USA days fhhed 

1955 19,595 19,595 

"56 20.129 20.129 51.50 '03 
1957 25,856 25,856 51.40 503 
1958 14.498 14,498 42.16 33. 
1959 15,899 15.899 53.S} 297 
"60 22,070 22,070 35,89 615 
1961 14,468 14,468 42.21 343 
1962 41,900 16,339 58,239 39.46 1,476 
1963 10],697 14,007 111,104 29,90 3,937 
1964 164,163 5,522 170,285 41.52 4,101 
1965 230.666 B,208 238,874 24.00 9,953 
1966 88,086 12,113 100,199 26.09 3,8M 
1961 3 " 41,348 12,300 S9.661 31.8) 1.815 
1968 37 887 28,013 6,451 14 35.402 25.31 1,399 
1969 42 146 2.2 7 16,144 1,654 119 18,406 13.34 1,380 
1970 31 15 73 20,548 4,238 24,905 23.81 1,046 
1971 1,393 265 62 124 66,809 3,069 71,742 11.38 4,128 
1972 1,914 354 226 III 10. 42 73,882 67. 17,512 B.66 8,951 
1913 67. 145 186 251 • 55,042 5,698 62,207 22.60 2,753 
1974 740 1 •• 36 43 7. 204 62,938 2,283 66,364 15.02 4,41ft 
1975 1,021 2 1,304 26 2' 1 125 122 133 55,795 4,588 •• 63,195 22.85 2,766 
1916 3,658 61 6 102 172 i 31,992 3,793 45,809 46.07 ••• 
1971 11305 39.200 3 1149 44 1263 31.60 1,401 

IKon-USA utches before 1968 Ire 85U .. t.d. 

Table 2. Sl1ver hike cltch It ISle (1111110n5 of fbh) fl'M the Geol'SlftS Bank itock (+ denote5 less thin 0.1 .HHon). 

~. Observed Calculatyd 
Yelr 0 2 3 • 5 6 6 • 10 II '" Totll weight weight Obs/Cllc 

1955 , J.6 3.1 25.0 39.0 14.5 ••• 1.7 0.7 0.2 , , 90.7 19,595 22,106 0 .... 
"56 , 2.J 3.' 20.8 42.8 11.2 ••• 1.' 0.' 0.2 , , , 91.7 20,729 23,916 0.861 
1951 , 11.4 5.7 31.3 47.4 23.7 ••• 1.8 D.' 0.' , , , 126.5 25,B56 29,119 0.886 
I ... , ••• 5.5 16.3 22.5 12.5 • •• I.. 0.5 0.1 , , 66.3 14,498 16,756 0.865 
1959 , 3.B 7.7 26.9 23.0 U.S 3.0 1.5 0.7 0.1 , , , 18.2 15,899 18,018 0.882 
1960 '.2 11.7 46.9 33.0 12.6 3.B '.1 1.0 0.2 , , 113.5 22,070 23,868 0.925 
1961 D.' 5.1 31.2 25.3 7.1 1.6 1.1 0.5 0.' , , 72.9 14,468 16,013 0.904 
1962 I.B 19.1 106.9 109.7 40.5 '.7 3.' 1.0 0.' , , , 289.5 58,239 61,296 0.950 
1963 17.1 48.8 246.2 240.3 61.0 ••• 4.0 '.1 0.5 0.1 , , filO.O 117,704 122.128 0.964 
1964 , 0.' 80.1 313.6 268.8 98.4 31.9 18.7 '.0 '.3 0.1 D.' , 824.0 110,285 181,068 0.940 
1965 31.2 160.0 110.2 460.5 51.0 10.6 5.0 I.B 0.' 0.1 , , 1.496.8 238,814 255.541 0.935 
1966 17 .1 173.7 264.3 160.1 29.) 6.5 '.1 2.' 0.5 0.1 '0 .• , 660.4 100,199 108,127 0.927 
1961 '.2 11.5 106.9 136.9 31.0 '.B 2.0 1.0 0.2 0.1 , , 29S.6 59,667 64,946 0.9.9 
196B 1.6 4.B 76.1 56.5 31.0 6.2 1.' O.B 0.3 , 0.1 179.3 35,402 39,028 0.907 
1969 1.2 12.8 20.7 15.2 14.4 6.0 5.3 1.9 1.3 0.1 , , 78.9 18.406 19,701 0.9)4 
1970 38.0 27.1 33.0 37.9 14.6 '.2 3.3 1.3 0.3 0.1 , , 159.9 24,905 25,391 0.981 
1911 3.3 21.9 110.4 9a.l 55.3 21.6 B.' 7.B 3.B 0.7 0.3 332.1 71.142 15,261 0.953 
1912 0.' 148.2 148.4 102.1 28.2 5.7 3.' 2.2 O.B 0.' 0.2 0.1 0.1 440.2 11,512 82,821 0.936 
1913 , 20.5 240.0 78.4 12.2 2.' 1.6 0.' 0.3 0.1 , , , 356.6 62.201 63,949 0.913 
1914 , 12.0 150.3 122.5 25.3 3.5 3.B 1.6 0.' 0.2 0.1 , , 319.7 66.364 68.0% 0.915 
1915 17.2 110.7 134.4 42.6 13.8 2.0 0.7 0.1 0.3 0.1 321.9 63,195 64,685 0.977 
1976 1.6 20.0 114.2 85.8 7.' 0.' 0.1 , 230.5 45,809 45,941 0.991 
19n g Z IllZ JQIj a fiJ,1;i 5·" 1·1 D Z l~,§: 44,263 §1 1644 0.929 

lUstng Min WIItghts .t Itt. 
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Table 1. 

'tear 

1955 
1956 
1951 
1958 
1959 
1960 
1061 
1962 
196] 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
191] 
1974 
1975 
1976 
19Z7 

- 5 -

Mean weights (kg) at age Df sliver hake catches frOlll the Georges a<lni( stock. 

0 

.005 .0)4 
,006 .0<' 
.007 .024 
.008 .049 
.006 .052 

.06' 

.073 

.075 

.080 
.006 .077 

.064 

.060 

.030 

.068 

.058 

.062 

.OB6 
.024 .085 
.028 .118 
.029 .061 

.091 

.091 

.126 

Table 4. 

Age 

2 3 6 • , 10 11 '" 
.105 .1BO .2]7 .332 .485 .597 .7" .919 .971 1.068 1.4)0 
.UO .192 .250 .337 .481 .616 .798 .972 1.090 1.217 1.709 
.101 .172 .241 .336 .450 .542 .683 .968 1.020 1.200 1.145 
.107 .183 .256 .357 .481 ,559 ,718 .979 1.1l4 1.161 1.668 
.107 .169 .239 .350 .497 .571 .708 .657 .971 1.023 1.576 
.101 .159 .217 .330 .466 .529 .644 .81] .B41 .896 1.529 
.110 .110 .22:2 .335 .490 . S99 .772 .912 .998 .944 I.JI6 
.111 .161 .219 .303 .396 .556 .668 .866 .914 .758 1.454 
.107 .161 .108 .288 .415 .518 .748 1.006 .954 .810 1.425 
.104 .155 .218 .322 .486 .552 .641 .831 1.001 .849 }.516 
.102 .155 .200 .302 .424 .499 .616 .859 .865 .957 1.439 
.093 .151 .209 .308 .483 .590 .754 .889 1.178 L053 1.967 
.105 .175 .225 .311 .446 .567 .821 1.062 1.537 1.276 1.652 
.099 .152 .218 .31S .443 .552 .120 .969 1.527 1.328 1.163 
.Ill .161 .217 .2B9 .380 .475 .664 .93] 1.206 1.18] 1.424 
.101 .162 .198 .262 . ]22 .30B .491 .771 1.260 1.155 1.406 
.112 .159 .206 .275 .]42 .425 .557 .792 .977 1.155 
.178 .269 • )]8 .427 .416 .568 .978 1. 110 1.105 1.664 .909 
.157 .215 .334 .447 .492 .643 .939 1.096 l.on .BOB 
.176 .239 .29B .407 .32J .457 .942 }.075 1.191 1.305 .191 
.151 .207 .288 .349 .420 .34] 1.085 .621 1.236 
.159 .188 .217 .236 .649 .669 1.212 
.191 .242 .265 .342 .399 .402 .577 

Stratified mean catch (kg) per tow of silver hake 
stock from USA bottom trawl surveys in the spring 
autumn (strata 13-23, 25). 

from the Geor~es Bank 
(strata 13-20) and 

Vear Spring Autumn 

1963 3.60 
1964 1. 26 
1965 1. 51 
1966 1.48 
1967 1.06 
1968 0.37 2.49 
1969 0.53 1.69 
1970 0.74 1. 29 
1971 0.76 1.21 
1972 0.52 1.34 
1973 0. 82i 1. 75 
1974 0.34

1 
1.09 

1975 0.40
1 

1.97 
1976 0.39 4.42 
1977 1. 261 1.92 
1978 0.72 

1Adjusted from No. 41 trawl catches to equivalent No. 36 
catches using a 6.20:1 ratio. 
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Table 5. Estimation of F in 1977 for the Georges Bank 
silver hake fishery. 

Year 
F1Shl"1 
effort 

1959 297 
1960 615 
1961 343 
1962 ,1,476 
1963

5 
3,937 

1964 4,101 
1965 9,953 
1966 3,864 
1967 1,875 
1968 1,399 
1969 1,380 
1970

5 
1,046 

1971 4,128 
1972 8,951 
1973 2,753 
19Y'4 4,418 
1975 2,766 
1976 994 
1977 1,401 

lExpressed as USA days fished. 

2weighted mean F for fully recruited ages. 

3Calculated from linear regression of fishing effort on 

Fishing 
mortal j ty2 

.357 

.342 

.143 

.436 

.712 
1.192 
1. 274 

.646 
,591 
.476 
.268 
.310 

1.433 
1. 209 

.589 

.813 

.746 
(.380}3,4 
(.424)3 

fishing mortality for 1959-75: Y = 0.275 + 0.00010X, r = .959 

4Value calculated from VPA was 0.610. using F = 0.42 in 1977. 

5Not used in calculation of linear regression because F values were 
excessively high for the amount of fishing effort compared to other 
years. 
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libl!! 6. rhh1ng IIDrtlllty rates If) and stock size for tlwl GeorJu Bank Silwer hake 
stock derl ... ed fro. virtual popuhtlon Inl1ys15 1M· 0.4 . 

Age 

Yur 8 10 11 1" 1001 recrultlroe:nt 

FhhlnglllOrtalttr: WId. 

I'" : -'--"'-1955 ,Oll .014 .149 .581 • 805 . 517 ., .. .699 .629 .. 
1956 . 007 .019 .In .5l0 .130 .467 .664 .126 ,568 I .568 , . 
1957 .024 .QUi .294 .751 ,811 . 533 .7B8 ,910 .756 I .156 , . 
1958 . 00' .018 .116 .453 .585 .261 .482 .691 .469 I .46\1 , . 
1959 .00' .016 .142 .299 .571 .J88 .UO .516 .357 I .357 ,. 
1960 .001 .016 .157 .324 .335 .419 .540 .361 l' ]42 1 . 342 , . 
U61 .000 .005 .068 .148 .1J2 .089 ,311 .l!J6 .143 . In , . 
1962 . 001 .015 .156 .4SZ .411 ,220 .324 .610 .231 .436 , . 
1963 . 006 .0lD .350 .807 .637 .250 .248 .40J 1.204 .216 

(t~192)1 
.712 , . 

1964 .001 .046 .339 1.091 1.367 1.150 1.46'1 2.2119 1.530 (1.192)1 1.192 , . 
1965 .0]-4 .158 1.052 1.856 1.002 .655 .716 .677 . 819 .Z80 I 

( .646)1 
1.274 J' 

1966 .034 .339 .540 .810 .154 .494 .758 }.563 .517 1 ( .646) .646 J' 
1967 .00' .035 .461 .196 .520 .327 .~S6 .538 1·591) .228 

"4110 1 .591 J' 
1968 .OOJ .015 .421 .616 .535 . 230 ., .. .192 .lS' 

l.i68)1 
.416 J' 

1969 .OOJ .042 .100 .114 .395 .231 .397 .511 .700 .268 ,. 
1910 .111 .100 .182 .334 .317 .'J8 .240 .198 . '06 .126 .310 , . 
1911 .006 .106 . 912 1.821 1.150 1.567 1.669 2.292 2.210 }.451 .886 1 

(1.209)1 
1.433 J • 

1912 .166 .481 1.384 .983 .632 .600 .881 .895 (1.209)1 (1.209)1 (I.209) 1.209 J' 
1913 .024 .565 .675 .783 .268 . 464 .396 .351 .321 • 1 .589 .. 
1!H4 .01l2 .JOO . 851 .626 .713 1.063 

1:::l!: 
.,., .536 

(. 81311 .811 , . 
1975 .0172 .1752 

.619 1.170 1.190 1.929 ( .746)1 ( .746)1 (.746 .746 J. 
1916 .0042 .0312 .3462 1.570 I . 964 1 .260 I .610 1 .UO J • 
1971 .00' .0" . 281 (.420) (.420) ( .420) , .420 .420 J • 

Age 1+ 
Stock she {.l1l1ons) Total WtpoJtonsl~ TlJtal 

1955 )39.3 211.5 218.0 105.1 31.0 8.' '.1 1.' 0.5 985.1 109.3 646.4 
1956 412.3 224.1 183.6 125.9 J9.J ,., J.' I.' D.' 1000.4 115.0 588.1 
1951 511.3 274.1 141.8 106.2 SO., 12.7 J.' 1.2 D.' 1161.8 104.8 596.5 
1958 883.4 3n.6 179.2 73.8 33.6 14.9 5.0 1.' O.J 1565.0 136.7 681.6 
1959 1304.6 589.0 246.1 106.9 31.5 1l.5 7.' 2: 1 D.' 2300.7 195.3 996.1 
1960 1993.3 873.3 388.1 143.2 53.1 11.9 '.0 J.' 0.8 3474.2 lZ6.8 1480.9 
1961 2206.8 Il39.4 515.9 222.6 69.4 25.5 4.' '.J 1.8 4448.6 4SO.1 2241.8 
1962 2993.0 1514.7 894.1 360.8 128.8 40.8 15.6 ,., 1.' 5951.4 650.9 2958.4 
1963 3256.6 2011.3 1000.4 512.8 153.9 53.9 21.9 7.' 0.8 D.' 1019.8 198.8 3763.2 
1964 mO.7 2167.2 1109.0 412.6 IS].4 54.6 28.1 11.5 J.' D.' D. , 6151.0 736.6 4200.3 
1965 1111.9 1319.4 1187.9 625.2 105.8 26.2 11.6 '.J 0.8 D.' 4599.6 560.0 3481.7 
U66 624.7 124 .1 755.0 324.9 65.5 26.0 9.1 J.' I., D.' D.' 2535.0 305.4 1910.] 
1967 600.5 404.9 345.1 294.9 91.2 20.1 10.1 ,.g D.' D.' 1712.6 215.9 lI12.1 
1968 557.2 399.4 262.1 146.1 89.2 36.4 10.0 5.' 1.1 D.' ISO) .J 185.3 950.1 
1969 51l.4 373.1 264.0 114.6 n.9 35,0 19.4 ,., J.1 0.5 1381.2 171.9 867.8 
1910 437.4 344.2 239.1 160.2 64.6 2].9 18.6 8.7 1.' 1.0 1300.2 167.9 862.8 
1971 689.8 262.4 208.8 134.0 76.9 31.5 lUi '.8 '.8 1.1 D.' 1432.3 188.5 142.5 
1972 1166.6 459.8 158.2 5].0 14.5 '.0 ,., 1.' 0.7 D. J D.' D.' 1868.5 240.6 701.9 
1973 1065.1 662.1 189.5 26.6 13. J '.1 J.J 1.2 D.' 1966.6 283.5 901.5 
1914 1254.7 4 697.3 252.2 64.6 '.1 '.8 ,., 1.5 D.' D.' 2288.2 280.4 101l.5 
1915 11m.'!' 831.7 346.4 7Z.2 23.2 '.7 I.' D.' 0.7 D.' 2503.9 332.4 1218.9 
1976 1520 .0 4 801.] 468.0 125.1 15.0 '.7 O.J 1940.4 299.8 1420.4 
1911 440.0 4 341.2 524.6 221.9 11.4 J.' ,., 1557.J 293.5 1111.3 
1918 280.0 294.4 222.3 265.5 97.1 7.7 1.1 1.1 1170.4 253.5 890.4 

lHe~1\ F for tully retrultecl IljleS In thlt yur. 
20ete ... lned trOll known asslllleci stock lize IlJd known catch. 

lwelQIIled by ItOa. Ih' .t age. 
4[nl_ted. 

5AdJust.d uI!ng ntlol of obs.r .... d to ulul.l.d weight In Tabl. 2. 

Table 7. Catch per tow (numbers) of age 1 Georges Bank silver hake spring 
(strata 13-20) bottom trawl surveys and year-class size (millions 
of fish) at age 1 from VPA. 

Spring 
survey VPA 

Year age 1 age 1 

1967 0.10 557.2 
1968 0.77 513.4 
1969 0.20 437.4 
1970 0.29 689.8 
1971 1.42 1166.6 
1972 0.97 1065.1 
1973 2.14 1254.7 
1974 2.70 {1226.3)1 
1975 0.16 ( 521.7)1 
1976 0.09 ( 438.4)1 
1977 0.02 ( 278.2)1 

lCalculated from power curve relationsh~P3B~tween sprin9 survey catch per tow 
and VPA year-class size: Y = 908.141 X' r = 0.791. 
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Age 2+ 

IIt{ 103 tonsl~ 
99.0 
91.B 
92.7 
99.3 

115.4 
199.6 
304.4 
431.6 
541.6 
595.4 
49J.l 
nO.7 
199.3 
150.9 
144.1 
141.4 
132.0 
141.8 
161.2 
205.7 
223.5 
249.5 
242.0 
218.2 
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Table 8. Projected catch (age 1+) in 1979 from Georges Bank silver hake stock 
with fishing mortality ranging from 0.05 to 1.00. Resulting stock size 
(.ge 2+) in 19BO and the percentage change (by weight) from 1979 are 
also given. All catch and stock sizes are in thousands of tons. 

% change 
Fishing 1979 1980 ; n stock 
morta 1 i ty catch stock from 1979 

.05 6.2 253.9 +25.6 

.10 12.2 248.3 +22.9 

.15 17.9 242.9 +20.2 

.20 23.4 237.8 +17.7 

.25 28.6 232.9 +15.2 

.30 33.7 228.3 +13.0 

.35 38.2 224.0 +10.8 

.40 43.7 219.5 + 8.6 

.45 47.6 215.5 +. 6.6 

.50 51.9 211. 6 + 4.7 

.55 56.0 207.8 + 2.B 

.60 59.9 204.3 + 1.1 

.65 63.7 200.9 - 0.6 

.70 67.3 197.6 - 2.2 

.75 70.8 194.5 - 3.8 

.80 74.1 191. 5 - 5.2 

.85 77 .4 188.6 - 6.7 

.90 80.5 185.9 - 8.0 

.95 83.4 183.2 - 9.4 
1.00 86.3 180.7 -10.6 

·FO. 1 

000 so 

100 10 

600 

'00 J: 
<00 USA CATCH PER DAY 40 

JOO ,a 

200 2a 

100 10 

a 

YEA R 

Figure 1. International catch, stock biomass (age 1+) from virtual population 
analysis, and USA commercial catch-pEr-day fram the Georges Bank silver 
hake stack. 
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Figure 2. Stratified mean catch-per-tow (kg) of si lver hake from the 
Georges Bank stock from USA autumn (1963-76) and spring 
(1968-78) bottom trawl surveys. 
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Figure 3. Relationship between fishing mortality from virtual population 
analysis and international fishing effort expressed as USA days 
fished for the Georges Bank silver hake stock. The 1964 and 1971 
values were not used in calculating the relationship. 
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Fi gure 4. Power curve relationship between Georges Bank silver hake year
class size at age 1 and USA spring survey catch-per-tow at age 1. 
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Figure 5. Georges Bank silver hake spawning stock biomass (age 2+) in 1955-78 and 
abundance at age 1 of the 1954-77 year-classes. (Open circles indicate 
estimated year-class sizes.) 

011 

700 

300 

100 



3,600 

" 3,000 f-
'" '" ~ 0 

'" 2,500 r-
~ 
~ 

2,000 r-
'" '" ~ .... 
~ 
.... 1,500 r-z 
w 
~ .... 
'5 

'" 1,000 f-u 
'" '" 

500 f-

0 

59 
o 

60 
o 

73 
o 

56 "1'"'2 

• 7"" 
.;. .74 

57 .7"2 
o 070 

66 
56 68 07 75 • 

: : ·~7B 
55 69 n@ 

61 
o 

100 200 300 

- 11 -

400 

62 
o 

65 
o 

5CO 

63 
o 

64 
o 

600 

SPAWNING srOCK alOMASS (THOU$.<lNDS OF rONS) 

700 

Figure 6. Relationship between spawning stock biomass (age 2+) and 
recruitment (expressed as abundance at age 1) for the Georges 
Bank silver hake stock during 1955-77. Open circles indicate 
estimated year-class sizes. 
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