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INTRODUCTION 

This report presents an update of the status of the silver hake 
(Merluccius bilinearis stock in the Gulf of Maine (ICNAF Div. 5Y). The 
data base utl ized nc udes USA and foreign commercial catch statistics 
for 1955-77 and USA research vessel bottom trawl survey results for 1963c78. 
Estimates of stock size, fishing mortality, and recruitment are given, and 
projections are made for catch options in 1979 and resulting stock sizes 
in 1980. 

CATCH 

Total catch during 1955-64 varied between 21,500 and 37,000 tons and 
averaged 29,700 tons (Table I, Figure 1). Catches dropped from 31,700 tons 
in 1964 to 22,600 tons in 1965, and ranged from 24,700 to 11,400 tons during 
1965-70 while averaging 18,300. tons. Catches continued to drop and averaged 
only 8,100 tons d.uring 1971-77 whfleranging between 5,213 (1974) and 9,760 
(1976) tons. The 1977 catch was 8,730 tons. . 

This fishery has been conducted almost exclusively by the USA •. In 1963, 
1971-75; and 1977, small catches were reported by the USSR, Poland, FRG, GDR, 
and Bulgaria, which averaged about 9% of the total annual catch in those years. 

Total allowable ·catch (TAC) for this stock was set by ICNAF at 10,000 
tons for 1973-74, 15,000 tons for 1975., 10,000 tons for 1976, and 9,000 tons 
for 1977 .In 1978, the. catch was not regulated. 

The estimated USA catch in 1978, based on projections made comparing the 
1977 catch with available 1978 monthly statistics, is 6,500 tons. There were 
no foreign catches in 1978. 
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CATCH COMPOSITION 

Numbers-at-age catch data for 1955-77 are presented in Table 2. Ouring 
1955-70, age 3-4 fish dominated the catch, averaging about 54%.of the total 
catch in number each year. Beginning in 1971, there was a Shlft towards 
younger fish, and ages 2-3 dominated the catch, averaging 75% of the total between 
1974 and 1976. In recent years, 1975-77 age 3 has been the most prevalent age­
group, averaging 44% of the total each year. 

Calculated mean weights at age for the i955-77 catches are given in Table 
3. These values were generated by the application of length-weight equations 
to the length frequency data from the catches. The mean weights were applied 
.to the numoers at age in Table 2 to obtain calculated catches (tons), which were 
compared to the observed catches. Observed/calculated catch ratios (Table 2) 
varied between 0.811.and 1.19§ and averaged 0.888. The 1977 mean weiqhts 
(unadjusted) were ~sed in calculating the 1979-80 catch and s1;Qck size· 
projections. 

ABUNDANCE INDICES 

USA commercial catch per day fluctuated considerably during 1956-65, 
ranging between 15.3 and 31.7 tons and averaging 21.8 tons (Table 1, Figure 1). 
The index dropped from 24.3 tons in 1965 to an average of only 7.8 tons in 1970-
72. Catch per day increased to 9.9 in 1973, dropped to a low of 6.3 tons in 1974 
and increased sharply to 16.7 tons in 1976. In 1977, the index again decreased 
slightly to 15.9 tons. In spite of the annual fluctuations evident in this 
index, it has been reasonably consistent over time with changes in stock bio­
mass (Figure 1) calculated from virtual populations analysis (VPA). The re-
cent increase in the index appears to reflect an actual increase in stock 
biomass. 

The USA autumn bottom trawl survey catch-per-tow index declined sharply 
from 26.5 kg in 1963 to a low of 1.9 kg in 1968 (Table 4, Figure 2) and then, 
except for decreases in 1973-74, increased steadily to 10.9 kg in 1976. The 
index decreased in 1977 to 7.2; however. this value was still larger than any 
others (except 1975-76) since 1965. The catch-per-tow index from the spring sur­
vey (Table 4, Figure 2) has been much smaller than from the autumn survey but 
has exhibited the same pattern of year-to-year changes. Both the autumn and 
spring indices dropped considerably in 1977 from 1976 suggesting a possible 
decrease in stock abundance. Since stock size estimates for 1977 based on 
VPA and recruitment estimates indicate a continued increase in stock biomass. 
the decrease in 1977 of the survey catch-per-tow index may reflect the normal 
variability of the survey results. 

FISHING MORTALITY 

Fishing mortality (F) for fully-recruited ages in 1977 was estimated from 
a linear relationship between fishing effort and fishing mortality. Fishing 
effort, expressed as USA days fished, was calculated by dividing total catch 
by USA catch per day (Table 1). Fishing mortality was determined for each year 
as the weighted mean F for fully-recruited ages obtained from VPA (M = 0.40 
for all ages). An F of 0.34 was assumed for ages 3 and older in 1977 based on 
a linear regression of fishing effort on fishing mortality for 1956-75. A 
new VPA was performed using 0.34 as the terminal F for ages 3 and older in 
1977 (Table 6) and a regression was calculated between fishing effort and the 
mean F values from the new VPA. This regression (r = 0.294, P > 0.05) predicted 
an F of 0.338 for 1977 (Table 5, Figure 3), and the estimate was, therefore, 
accepted. 

Fishing mortality for fully-recruited ages determined by VPA (Table 6) 
ranged between 0.24 and 0.53 during 1955-67 and averaged 0.40. F increased 
from 0.32 in 1967 to 1.24 in 1971 and then dropped to 0.23 in 1974 as catches 
decreased to low levels. Fishin~ mortality increased sharply in 1975 to 0.66 
but decreased in both 1976 (0.47) and 1977 (0.34). 

A3 



- 3 -

RECRUITMENT 

The sizes of the 1954-74 year classes at age 1 were estimated from VPA 
(Table 6). Sizes ranged from 628 million fish (1954 year class) to 53 million 
(1969 year class) and averaged 330 million fish. The median size was 196 million 
fish at age 1. The 1964-74 year classes were all below the 1954-74 mean averag- . 
iog 133 million fish. The 1973 year class (178 million) was the strongest since 
1964. 

The 1974-77 year class sizes at age 1 were estimated from a linear rela­
tionship (r • 0.710, p = 0.05) between the autumn survey catch per tow (numbers) 
at age 0 and year class size at age 1 from VPA for 1963-74 (Table 7, Figure 4). 
Although there was some agreement between the autumn survey catch per tow at 
age 0 and the spring survey catch per tow at age 1 in indicating the relative 
strengths of particular year-classes, there was no consistent relationship 
between year class size at age 1 from VPA and spring survey catch per tow at age 1. 

The 1975, 1976 and 1977 year classes at age 1 were estimated to be 130, 
214, and 132 million fish, respectively (Table 7, Figure 4). The 1976 year class 
is, therefore, estimated to be the strongest year class since 1964, but still 
well below the mean 1954-74 year class size of 330 million fish. 

STOCK SIZE 

Stock size estimates for 1955-77 were computed from VPA (Table 6). Mean 
weights at age (Table 3) were applied to stock numbers at age to obtain stock 
biomass values. The annual biomass values were adjusted using the appropriate 
observed/calculated catch ratios (Table 2). Stock size at each age in 1978 
was determined from the relationship: N78 = N77 e-.77 • 

Total stock biomass (age 1+) decreased from 219,500 tons in 1955 to only 
20,300 tons in 1971 (Table 6, Figure I), and then increased steadily to 76,500 
tons in 1977. In 1978, the biomass decreased slightly to 68,800 tons. 

Spawning stock biomass (age 2+) has fallowed basically a similar pattern, 
decreasing from 193,600 tons in 1955 to 15,800 tons in 1971. Since 1971, 
spawning biomass increased steadily to 54,100 tons in 1978 (Table 6, Figure 5). 

PARTIAL RECRUITMENT 

Age-specific fishing mortality rates from VPA (Table 6) indicate that 
silver hake were fully recruited to the fishery at age 4 during 1955-70, at 
age 3 in 1971-72, at age 2 in 1973-74, and again at age 3 in 1975-77. Partial 
recruitment of age groups not fully recruited to the fishery is defined here 
as the ratio between fishing mortality at a given age (in a given year) and the 
mean fishing mortality at the fully recruited ages in that year. In 1977, 
partial recruitment was estimated to be 2% at age I, 28% at-. age 2, and 100% 
at ages 3 and older based on the age-specific fishing mortality rates esti-
mated for that year. These values were used in the projections of catch and stock 
size for 1979-80. 

CATCH ANO STOCK SIZE PROJECTIONS 

A total stock biomass (age 1+) of 68,800 tons and a spawning biomass 
(age 2+) of 54,100 tons was estimated to be available at the beginning of 1978 
(Table 6). These estimates represent a 10% decrease in total stock biomass and 
a 12% increase in spawning stock biomass from 1977. 

Equilibrium yield calculations assuming a constant level of recruitment 
at age 1 and partial recruitment coefficients of 2% at age 1, 28% at age 2, 
and 100% at ages 3 and older indicate that FO.I = 0.50. 

A4 



- 4 -

An estimated catch in 1978 of 6,500 tons would require an F for ages 3 
and older of 0.238 and result in an age 2+ biomass of 56.,900 tons at the begin­
n i ng of 1979 (5% increase from 1978). Catch opti ons for 1979 and resul tant 
spawning stock biomass levels in 1980 were calculated for values of F ranging 
from 0.05 to 1.00 (Table 8). Fishing at FO.1 = 0.50 in 1979 would result in a 
catch of about 15,500 tons and leave a spawning biomass in 1980 of 57,500 tons 
(1% increase from 1979). A catch of about 16,000 tons in 1979 (F = 0.522) would 
maintain the same spawning stock biomass in 1980 as in 1979 (56,900 tons). 

STOCK-RECRUITMENT 

Spawning stock biomass is plotted versus recruitment in Figures 5 and 6. 
The 1954-74 average year class size at age 1 was 330 million fish. The 1954-
63 year classes were all above this mean value averaging 543 million, whereas 
the 1964-74 year classes were all below the mean averaging only 133 million fish 
at age 1. The relationships demonstrated in Figures 5 and 6 were discussed in 
Anderson and Almeida (1978) and show that the spawning stocks which produced 
above average year classes were much larger (average of about 165,000 tons) 
than those which produced below average year classes (average of about 60,000 
tons). Peak levels of recruitment occurred when spawning biomass was about 
185,000 tons, and above average recruitment resulted from spawning stocks greater 
than 140,000 tons. Recruitment failure began to accelerate about the time the 
shrimp fishery in the Gulf of Maine began to intensify in the early 1960's, 
when there apparently were substantial amcunts of small silver hake caught by 
the small-mesh shrimp nets and discarded. It is quite possible that such 
practices significantly reduced the size of incoming year classes before they 
recruited to the fishery. Since the year-class estimates calculated by VPA 
were based only on landed catch data, the estimates would accordingly be low 
if the landings (in numbers) were considerably less than the catches. 

The possibility that many of the year classes may have been underesti­
mated by VPA, since the unreported catch of small fish was not included in the 
data used, tends to confound any attempt to define a realistic stock-recruit­
ment relationship based on data and results presented in this report. 

LITERATURE CITED 
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Table 1. Silver hake catch statistics from the Gulf of Maine stock. 

Catch (!:!T) USA International 
Year Bulgaria FRG GDR Poland USSR USA Total catch/day effort as 

(MT) USA days fished 

1955 33,833 33,833 
1956 21,448 21,448 15.29 1,403 
1957 36,980 36,980 31. 72 1,166 
1958 35,522 35,522 22.20 1,600 
1959 34,750 34 J 750 22.63 1,536 
1960 23,628 23,628 18.99 1,244 
1961 26,576 26,576 23.02 1,154 
1962 26,253 26,253 20.30 1,293 
1963 3,660 22,978 26,638 16.50 1,614 
1964 31,722 31,722 22.86 1.388 
1965 22,649 22,649 24.28 933 
1966 21,495 21,495 18.19 1,182 
1967 14.653 14,653 17.11 856 
1968 24,706 24,706 17.83 1,386 
1969 14 J 632 14,632 10.05 1,456 
1970 ll,384 11,384 7.66 1,486 
1971 53 8,263 8,316 8.55 973 
1972 131 93 857 5,570 6,651 7.14 932 
1973 3 29 34 483 8,347 8,896 9.87 901 
1974 578 4,635 5,213 6.28 830 
1975 II 243 845 8,042 9,141 7.84 1,166 
1976 9,760 9,760 16.71 584 
1977 2 8,728 8,730 15.90 549 

Table 2. Silver hake catch at age (millions of fish) from the Gulf of Maine 
stock (+ denotes less than 0.1 million). 

Age Observed Calculatid Obs, 
Year 0 1 2 3 4 5 6 7 8 • 10 11 12. Total weight weight Calc. 

1955 0.1 16.1 19.9 32.9 40. 7 20.6 12.9 5.8 3.1 0.' 0.3 0.3 • 153.6 33,833 39,422 .858 
1956 0.1 16.4 11.1 21.2 27.6 13.2 8.6 3.4 1.6 0.6 0.1 0.1 • 104.0 21,448 24,446 .877 
1957 0.1 47.6 16.2 34.5 47.3 22.7 15.6 5.7 2.' 0.' 0.2 0.2 • 193.9 36,980 40,929 .904 
1958 • 20.1 17.9 30.2 43.9 20.3 16.6 5.2 2.7 0.' 0.2 0.2 • 158.2 35,522 40,787 .871 
1959 • 7.' 27.2 40.8 40.0 19.6 12.0 5.7 3.0 0.8 0.2 0.2 • 157.4 34,750 40,887 .850 
1960 2.7 30.2 37.8 26.1 10.5 6.0 3.1 1.6 0.5 0.2 0.1 • 118.8 23,628 26,663 .886 
1961 0.7 21.9 39.1 35.4 14.8 7.3 3.5 1.6 0.5 0.2 0.1 • 125.1 26,576 30,083 .883 
1962 1.0 18.3 37.7 35.1 15.0 7.6 3.5 1.7 0.6 0.2 0.1 • 120.8 26,253 30,289 .861 
1963 0.5 IS.5 37.3 34.9 13.8 8.0 3.2 1.7 0.6 0.2 0.2 0.1 116.0 26,638 30,901 .862 
1964 • 1.1 21.5 34.6 38.4 18.2 '.4 4.8 2.7 0.' 0.3 0.' 0.1 132.4 31,722 37,593 .844 
1965 0.2 16.6 28.8 27.1 12.5 6.6 3.5 2.0 0.8 0.2 0.2 0.1 98.6 22,649 27,718 .817 
1966 0.1 '.5 30.S 33.1 14.0 5.' 2.5 1.3 0.5 0.2 0.1 0.1 97.3 21,495 26,S17 .8ll 
1967 0.2 3.7 16.4 24.8 11.9 4.8 2.0 0.7 0.3 0.1 • • 64.9 14,653 17,809 .823 
1968 0.6 2.7 14.9 35.7 21. 3 12.0 4.6 1.8 0.8 0.1 0.1 • 94.6 24,706 29.769 .830 
1969 3.0 2.5 6.6 17.3 11.4 7.6 3.' 1.7 0.7 U.2 0.1 • 54.5 14,632 17,661 .828 
1970 0.7 5.7 10.0 11.0 5.9 4.9 2.5 1.6 0.5 0.2 0.1 • 43.1 11,384 13,583 .838 
1911 1.8 11. 7 13.6 10.4 4.0 I.. 1.0 0.' 0.1 O. 1 0.1 45.1 8.316 9.647 .862 
1972 0.1 13.6 '.2 6.6 '"3 1.0 0.5 0.1 0.1 0.1 0.1 0.1 • 32.8 6,651 7.631 .872 
1913 0.1 9.9 26.4 8.7 0.8 0.6 0.4 0.1 0.1 0.1 0.1 • 47.3 8,896 10,317 .862 
1974 • 5.9 12.6 6.1 0.7 0.5 0.3 0.1 • • • 26.2 5,213 5,190 1.004 
1975 1.4 12.' 20.3 5.6 I.. 0.5 0.1 0.1 • 42.8 9,141 9,243 .989 
1976 0.' ll.9 18.6 5.4 2.4 1.3 0.1 • 42.6 9,760 9,856 .990 
1977 1.0 6.6 12.0 7.1 1.6 0.3 0.2 + + 28.8 8,730 7,304 1.195 
lUsing mean weights at age froa Table 3. 
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Table 3. Mean weights (k,) at ago of silver hake catches froID the Gulf of Maine stock. 

Ae:~ 
Year 0 I 2 3 4 5 6 7 8 9 10 

1955 .004 .048 .136 .215 .279 .331 .401 .510 .543 .523 .607 
1956 .005 .036 .133 .215 .276 .311 .378 .451 .537 .513 .670 
1957 .007 .026 .126 .212 .278 .308 .366 .425 .478 .462 .554 
1958 .007 .044 .133 .225 .296 .332 .388 .474 .515 .474 .596 
1959 .005 .051 .135 .204 .287 .347 .414 .508 .543 .547 .621 
1960 .059 .137 .185 .254 .308 .412 .500 .609 .600 .705 
1961 .060 .152 .196 .248 .287 .391 .491 .593 .581 .677 
1962 .059 .156 .203 .256 .297 .385 .484 .606 .667 .771 
1963 .044 .152 .207 .261 .308 .420 .567 .716 .862 1.038 
1964 .005 .073 .158 .212 .268 .313 .437 .620 .784 .796 .924 
1965 .077 .171 .210 .265 .320 .447 .583 .750 .816 .798 
1966 .101 .195 .220 .255 .293 .406 .567 .731 .745 .949 
1967 .073 .194 .236 .269 .293 .347 .404 .508 .513 .649 
1968 .066 .195 .266 .296 .317 .361 .430 .541 .578 .776 
1969 .063 .151 .274 .319 .346 .375 .431 .498 .538 .800 
1970 .064 .158 .217 .315 .375 .437 .512 .536 .565 .808 
1971 .068 .132 .191 .251 .290 .396 .465 .549 .505 .589 
1972 .035 .096 .222 .335 .493 .567 .567 .920 1.078 1.163 1.238 
1973 .022 .142 .197 .272 .459 .585 .491 .943 1.026 1.119 1.182 
1974 .011 .103 .187 .256 .372 .418 .390 .778 .909 1.118 1.218 
1975 .081 .135 .204 .319 .503 .622 .797 1.139 1.219 
1976 .104 .151 .235 .294 .436 .431 .982 1.654 
1977 .HI .176 .225 .305 .503 .658 .818 .604 .868 

Table 4. Stratified mean catch-per-tow (kg) of silver hake from the 
Gulf of Maine stock from USA bottom trawl surveys in the 
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spring (strata 21-30, 36-40) and autumn (strata 24, 26-30, 36-40). 

Year sErins AutUllUl 

1963 26.45 
1964 4.65 
1965 .• 7.89 
1966 4.28 
1967 2.42 
1968 0.03 1.88 
1969 0.18 2.44 
1970 0.31 3.01 
1971 0.35 2.74 
1972 1. 73 6.50 
1973 0.701 4.17 
1974 0.731 3.77 
1975 2.41 1 9.09 
1976 2.30 1 10.87 
1977 1. oot 7.19 
1978. 0.24 

lAdjusted from No. 41 trawl catches to equivalent No. 36 
trawl catches using a 6.20:1 ratio. 
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Estimation of F in 1977 for the Gulf of Maine 
silver hake fishery. 

Fishin~ Fishing 
Year effort' mortal i ty2 

1956 1.403 .244 
1957 1.166 .423 
1958 1.600 .455 
1959 1.536 .488 
1960 1.244 .296 
1961 1.154 .376 
1962 1.293 .400 
1963 1.614 .411 
1964 1.388 .525 
1965 933 .411 
1966 1.182 .411 
1967 856 .325 
1968 1.386 .726 
1969 1,456 .758 
1970

5 
1.486 .940 

1971 973 1.242 
1972 932 .669 
1973 901 .539 
1974 830 .213 
1975 1, 166 .661 
1976 584 (.346)3.4 
1977 549 '(.338)3 

1Expressed as USA days fished. 
2Weighted mean F for fully recruited ages. 
3Calculated from linear regression of fishing effort On 
fishing mortality for 1956-75: Y = 0.219 + 0.00022x. r = 0.294. 

4Value from VPA was 0.465 using F = 0.34 in 1977. 
5Not used in calculation of linear regression because the F value 

appears excessively high for the amount of fishing effort in 
comparison to other years. 
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Table 7. Catch per tow (numbers) of age 0 and 1 Gulf of Maine silver hake 
from USA autumn (strata 24. 26-30. 36-40) and spring (strata 21-30. 
36-40) bottom trawl surveys and year class size (millions of fish) 
at age 1 from the VPA. 

Autumn 
Year survey 
class age 0 

19633 11.77 
1964 .15 
1965 .47 
1966 .11 
1967 .02 
1968 .59 
1969 .43 
1970 .33 
1971 9.56 
1972 3.28 
1973 4.88 
1974 8.62 
1975 2.83 
1976 7.51 
1977 2.95 

Spring 
survey 
age I 

0.07 
6.02 
3.83 
3.13 

39.931 2.19 1 16.031 50.291 4.791 2.911 2.07 

VPA 
age I 

456.1 
332.6 
171.0 
96.0 
86.8 
63.2 
53.1 
76.4 

124.9 
142.6 
178.0 
137.9 2 

(129.6)2 
(213.8)2 
(131. 7) 

1Adjusted from No. 41 trawl catches to equivalent No. 36 trawl catches 
using a 6.20: 1 ratio. 

2Calculated from linear regression of autumn survey catch per tow at age 0 
on VPA year-class size at age 1: Y = 78.695 + 18.007X. r = 0.710. 

3Not used in calculation of linear regression because the survey value 
is e~cessively low in comparison to the year-class size. 

Table 8. Projected catch (age 1+) in 1979 from the Gulf of Maine silver 
hake stock. with fishing mortality ranging from 0.05 to 1.00. 
Resulting stock size (age 2+) in 1980 and the percentage change 
(by weight) from 1979 are also given. All catch and stock size 
values are in thousands of tons. 

% change in 
Fishing 1979 1980 stock from 
mortal i ty catch stock 1979 

.05 1.9 72.3 +27.1 

.10 3.6 70.3 +23.6 

.15 5.4 68.5 +20.4 

.20 7.0 66.7 +17.2 
.25 8.6 65.0 +14.2 
.30 10.1 63.3 +11.2 
.35 11.5 61.8 + 8.6 
.40 12.9 60.3 + 6.0 
.45 14.2 58.8 + 3.3 
.50 15.5 57.5 + 1.1 
.55 16.7 56.2 - 1.2 
.60 17.9 54.9 3.5 
.65 19.0 53.7 - 5.6 
.70 20.1 52.6 - 7.6 
.75 21.1 51.5 - 9.5 
.80 22.1 50.5 -11.2 
.85 23.1 49.5 -13.0 
.90 24.0 48.5 -14.8 
.95 24.9 47.6 -16.3 

1.00 25.8 46.7 -17.9 

-FO.1 

A 10 



~ 

8 
~ 

i5 
~ 
Q 
z 
:i\ 
§ 
~ 

290 

240 

ZOO 

160 

"0 

19~7 1959 1961 1963 

- 10 -

1967 

YEAR 

3S 

30 

Z5 

20 

USA CATCH PER CAY 

~ 
1S 

10 

5 

1969 1971 1973 ,.-" 1977 

Figure 1. International catch, stock biomass (age 1+) from VPA, and USA cOl1lT1ercial 
catch-per-day from the Gulf of Maine silver hake stock. 
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F.igure 3. Relationship between fishing mortality from VPA and fishing effort 
expressed as USA days fished for the Gulf of Maine silver hake stock. 
The 1971 value was not used in calculating the regression line. 

~ 

~ 
i3 

~ 
~ 
~ • I 
~ 

" ~ 

:/ 
~ 
v 

~ 
~ 
~ 

.420 

3eO 

• 
300 

240 

'80 G' • 

120 

60 

y • 78.605 " 18.007 X 

. 0.710 

• 

63 
• 

oL-__ ~ __ ~ __ ~ ____ ~ __ ~ __ -L __ ~ ____ ~ __ ~ __ -L __ ~ __ ~~ 

a 2. 3 4 5 Ei 7 a 9 10 11 12 

AUTUMN SUA'VO CATOWTOW - AGE-O (NO r:E FlSH J 

Figure 4. Relationship between year-class size at age 1 from VPA and USA autumn 
survey catc'h-per-tow at age 0 for the Gulf of Maine silver hake stock.. 
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Figure 5. Gulf of Maine 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. 
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Relationship between spawning stock biomass (age 2+) and recruitment 
(expressed as abundance at age 1) for the Gulf of Maine silver hake 
stock. Open circles indicate estimated year-class sizes. ' 
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