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INTRODUCTION 

This document presents an update of the status of the silver 

hake(Merluccius bilinearis, Mitchell) stocks inhabiting the 

-waters off the northeast coast of the United States ( USA) from 

Cape Hatteras, NC » to the Fundian Channel. For management pur-

poses, three stocks are assessed separately throughout this dis-

tributional range: Gulf of Maine (NAFO Div. 5Y), Georges Bank 

(NAFO Subdiv. 5Ze), and Southern New England Middle Atlantic 

(NAFO Subdiv. 5Zw and Sub area 6). 

The data base utilized throughout the report includes USA and 

foreign commercial catch statistics, estimated USA recreational 

catches (Southern New England - Middle Atlantic stock only) for 

1955-1980, and USA research vessel bottom trawl survey results 

for 1963-1981. 

FQr the Georges Bank and Southern New England - Middle 

Atlantic stocks, estimates of past levels of stock size and fish

ing mortality (F) utilizing virtual population analysis (VPA) are 

presented, accompanied by estimates of recruitment in recen t 

years predicted from relationships between research vessel mean 

catch per tow at age 1 and estimates of year-class size at age 1 

obtained from VPA. Catch leve~s in 1982 at varying levels of .F 

and the resulting 1983 stock sizes were projected under assump

tions of estimated catch and recruitment in 1981. 

Due to low levels of catch in both 1979 and 1980, as well as 

very limited sampling of the catch in those years, it was not 
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~ossible to determine the catch-at~age in numbers necessary for 

performing a VPA for those year for the Gulf of Maine stock. 

Estimates of stock size after 1978 were derived utilizing 

relationships between VPA estimates in previous years and 

-abundance indices from commercial fishery and research vessel 

survey data. It was also not possible to make catch and stock 

size projections for this stock. 

GULF OF MAINE STOCK 

Catch and Management History 

Total catch during 1955-1964 varied between 21,500 and 37,000 

tons and averaged 29,700 tons (Table 1, Figure 1). Catches drop

ped from 31,700 tons in 1964 to 22,600 tons in 1965, and ranged 

from 24,700 to 11,400 tons during 1965-1970 while averaging 

18,300 tons. During 1971-1978, catches averaged 7,400 tons while 

ranging from 9,800 tons to 4,600 tons. Catches dropped sharply to 

only 2,600 tons in 1979, a 58% decrease from 1978, then improved 

somewhat to 3,812 tons in 1980. Although the 1980 catch 

represented a 45% increase over 1979, it was still the second 

lowest in the time series and substantially below the catch 

levels in past years (83% lower than the 1960-1970 average of 

22,200 tons and 49% lower than the 1971-1978 average). 

This fishery has been conducted almost exclusively by the 

USA. In 1963, 1971-1975, 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 (Table 1). 
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from VPA. 

Abundance Indices 

Commercial catch per effort 

The USA commercial catch-per-day index fluctuated considera

bly during 1956-1965, ranging between 15.3 and 31.7 tons/day and 

averaging 21.8 tons/day (Table 1, Figure 1). The index dropped 

from 24.3 tons/day in 1965 to a series low of 6.3 tons/day in 

1974, but increased sharply to 16.7 tons/day in 1976. After 1976, 

the index dropped steadily to only 6.4 tons/day in 1979, but in

creased to 7.7 tons/day in 1980, a level approximately equal to 

the 1970-1975 average. In spite of the annual fluctuations in 

this index, it has been reasonably consistent over time with 

changes in stock biomass calculated from VPA (Fi~ure 1). 

Research vessel mean catch per tow 

Both the spring and autumn USA bottom trawl survey catch

per-tow (weight) indices have reflected the same trends as the 

commercial catch-per-effort index in recent years, reaching high 

levels in the mid 1970's, dropping to low levels in 1978-1979, 

and increasing in 1980. The USA spring bottom trawl survey 

catch-per-tow index (kg. linear ~cale) (Table 4, Figure 2) after 

reaching 14.5 kg in 1970, decreased drastically to 1.0 kg in 1971 

and averaged 3.6 kg during 1971-1974. the index increased to 

averaged 14.6 kg during 1975-1976, declined to 1.4 kg in 1978, 

then increased to 6.8 kg in 1980. In 1981, the index dropped to 

3.7 kg. Catch per tow in numbers (linear) increased from a low of 
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~.9 in 1971 to 

declined to 19.3 

a 

in 

series high of 345.2 in 1975, then steadily 

1978. The index then increased steadily 

through 1980 but dropped in 1981 (Table 5). 

The catch-per-tow indices from the autumn survey (Tables 4 

and 5, Figure 3) have shown similar patterns of year-to-year 

fluctuations in re~ent years as the spring survey. After reaching 

a low of 1.9 kg in 1968, the catch-per-tow index (kg. linear) in-

creased steadily, except for decreases in 1973-1974, to 10.9 kg 

in 1976. After 1976, the index dropped to 6.2 kg in 1978 but in

creased to 7.7 kg in 1980. Catch per tow in numbers (linear) in

creased from a low in 1968 of 6.4 to 69.1 in 1975, except for 

decreases in 1973-1974. The index dropped in 1976-1978, increased 

ih 1979 but decreased again in 1980. 

The precision of the catch-per-tow indices, both weight and 

number was evaluated by calculating coefficients of variation 

(CV) tdefined as the ratio of the standard deviation to the mean) 

on a linear scale (Tables 4 and 5). The CV's for the spring mean 

weight-per-tow indices averaged 0.26 for 1968-1981 and 0.18 for 

1973-1981 (the 1968-1972 indices were determined from No. 36 Yan

kee trawl catches adjusted to equivalent No. 41 Yankee trawl cat-

ches and had substantially higher CV's, averaging 0.39). Coef-

ficients of variation for the mean number-per-tow indices 

averaged 0.21 for 1968-1981. For the autumn surveys, which used a 

No. 36 Yankee trawl throughout, the CV's averaged 0.23 and 0.21 

for mean weight and numbers, respectively. These results indicate 

that during the survey period proportional changes in absolute 

abundance, in terms of weight, less than ±36% for the spring 
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~eries (1971-1981) and ±46% for the autumn surveyor could not be 

detected on the linear scale with a high degree of probability. 

In terms of numbers, proportional changes of less than ±42% could 

not be detected with a high degree of probability. 

Mean catch per tow at age 

Mean catch per tow at age (numbers, Ii nea r scale) for 

1973-1981 was determined by applying age-length keys to the 

appropriate length frequency data from spring and autumn bottom 

trawl surveys (Table 5). Data prior to 1973 were not utilized due 

to a difference in the ageing technique. Ages ranged from 1 to 14 

in the spring surveys and 0 to 13 in the autumn (ages 12 and 

older are combined in the table). The data indicate that the 

1972-1974 year classes were quite strong, with 1974 being the 

strongest. These year classes were also well represented in the 

commercial landings-at-age data. The 1975-1976 cohorts appear to 

be relatively weak in comparison to previous years, while the 

1977 and 1978 year classes improved sharply in strength. The 1979 

and 1980 year classes, for which only two years of su·rvey data 

ex is t , appear to be of at least average strength, with the 1980 

year class potentially being quite strong. These estimates, 

however, should be interpreted with caution since neither the 

autumn survey indices at age 0 nor the spring survey indices at 

age 1 have shown any signficant correlations with themselves or 

with estimates calculated from virtual population analysis. 

Fishing Mortality 

Fishing mortality (F) for fully-recruited ages in 1978 was 
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estimated from a power curve regression between fishing mortality 

from VPA and fishing effort. Fishing effort was calculated by 

dividing the total international catch by USA catch per day 

-(Table 1) and was expressed as USA days fished. Fishing mortality 

was determined for each year as the weighted (by stock size) mean 

F for fully-recruited ages obtained from VPA. Natural mortality 

(M) was assumed to be 0.4 for all ages. The F value for 1978 was 

selected following an iterative process consisting of alternate 

computations of VPA and the fishing mort~lity-fishing effort 

regression until the F value predicted from the regression and 

the starting F in the VPA reached convergence. The F value for 

1978 was 0.400 (r~0.699, p<0.01) for ages 3 and older (Table 7, 

Figure 4). 

Fishing mortality for fully-recruited ages determined by VPA 

(Table 8) ranged between 0.24 and 0.55 during 1955-1967 and 

averaged 0~40. F increased from 0.32 in 1967 to 1.23 in 1971 and 

then dropped to 0.23 in 1974 as catches decreased to low levels. 

Fishing mortality increased sharply in 1975 to 0.61 but decreased 

to average 0.38 during 1976-1978. Based on the relationship used 

to predict F in 1978, F in 1979-1980 was estimated to be 0.20 and 

0.24, respectively. 

Recruitment 

The sizes of the 1954-1975 year classes at age 1 estimated 

from VPA (Table 9) ranged from 628 million fish (1954 year class) 

to a low of 47 million (1975 year class) and averaged 317 mil-
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lion. The median size was 264 million. Since 1964, year-class 

sizes have all been well below the 1954-1975 mean, averaging 109 

million fish. The 1973 year class (197 million) was the strongest 

since 1964, but the 1975 year class (47 million) was the weakest 

in the series. 

Estimates of the sizes of the 1976-1980 year classes were 

obtained from a power curve relationship (r=0.616, p)0.05) 

between spring survey catch per tow at age 1 (numbers) and year 

class size of age 1 (millions) from VPA (Table 10, Figure 5). 

Year class strength increased steadily from 1975 to an average of 

about 89 million fish during 1976-1979. The 1980 estimate of 110 

million was the highest since 1974. 

Stock Size 

Stock size estimates (in numbers) for 1955-1979 were computed 

from VPA (Table 9). Mean weights at age (Table 3) were applied to 

stock number,s at age to obtain annual stock biomass values which 

were then adjusted using 

catch ratios from Table 2. 

the appropriate observed/calculated 

Spawning stock biomass (age 2+) decreased from a series high 

of 193,500 tons in 1955 to only 15,900 tons in 1971 (Table 9, 

Figure 6). Biomass increased to average 37,900 tons during 

1975-1976, reflecting strong 1973-1974 year classes, declined to 

30,900 tons in 1978, then increased to 31,700 tons in 1979. 

Spawning stock size (in numbers) in 1980 was estimated 

utilizing linear regressions between spring (r=0.920, p<0.05) and 
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autumn (r=0.876, p<0.05) survey catch per tow for ages 2 and 

older and spawning stock size (ages 2 and older) from VPA (Table 

11). The average of the two stock size estimates derived from the 

regressions (144.6 and 157.2 million fish), was apportioned into 

-age classes based on the percentage age composition of the survey 

catch per tow at ~ge data (ages 2 and older), with mean weights 

at age applied to each age class. The resulting biomass-at-age 

estimates were then summed to obtain a total spawning s to ck 

biomass estimate of 36,200 tons for 1980. 

Total stock biomass (age 1+) decreased from a high of 218,000 

tons in 1955 to only 20,400 tons in 1971 (Table 9, Figure 1). 

Biomass then increased to 51,000 tons in 1974, declined to 41,600 

tons in 1977, then increased to 44,900 tons in 1979. Biomass in 

1980 was estimated to be 46,900 tons. This value was obtained by 

applying the 1978 estimate of mean weight at age 1 (the most 

recent year in which mean weights at age were available) to the 

estimated size of the 1979 year class at age 1 from Table 10 and 

adding this amount to the spawning stock biomass of 

indicated above. 

Discussion 

36,200 tons 

The Gulf of Maine stock has been subjected to relatively 

little fishing pressure in recent ye ar s , with total catch in 

1979-1980 being the lowest in the 1955-1980 time series (Table 

1). As a result, fishing mortality estimates in 1979-1980 were 

also among the lowest observed. Research vessel abundance indices 

for both the spring and autumn have shown steady inprovement 
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since 1978, although a decrease did occur in the spring of 1981. 

A catch of about 4,400 tons was projected for 1981 based on 

reported catches through September and the assumption that catch 

rates for the remainder of the year would be similar to thase in 

1980. Although the projected catch for 1981 is approximately 15% 

greater than in 1980, it is still the third lowest in the time 

series (after 1979 and 1980). 

Given this continued low level of catch, it is likely that 

the stock will continue its gradual upward trend in biomass. 

GEORGES BANK STOCK 

Catch and Management History 

Catches by country for the period 1955-1978 are listed in 

Table 12. Total catch increased from an average of 19,000 tons 

during_ 1955-1961 to nearly 239,000 tonS in 1965 followed by a 
. 

rapid decline to 18,400 tons in 1969. Catches increased again and 

stabilized at an average of about 68,000 tons during 1971-1975, 

but decreased in 1976-1977 to an average of 45,000 tons. Since 

1977, catches have dropped sharply to only 1,664 tons in 1980, 

the lowest in the time series (Figure 7). 

USA catches averaged 18,200 tons during 1955-1963, but 

declined to average only 3,600 tons during 1968-1978. The catch 

dropped to 893 tons in 1979 but increased in 1980 to 1,166 tons, 

a 31% increase over 1979, but still the third lowest in the time 

series. 
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Since its introduction in 1962, the distant water fleet (DWF) 

consistently reported landings, through 1977, that far exceeded 

the USA catch. The 1978 DWF catch of 3,600 tons was, by far, the 

lowest catch reported in the time-series and represented a 91% 

~ecrease from 1977. In 1978, the catch dropped further to 1,022 

tons and by 1980, the cat~h was only 498 tons, with no catch 

reported by the USSR, the country which had accounted for most of 

the catch since 1962. 

The ICNAF TAC was 80,000 tons each year during 1973-1975 and 

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 the domestic 

aallowable harvest (DAH) and 55,000 tons as the total allowable 

level of foreign fishing (TALFF). The 1978-1979 OY was reduced to 

58,800 tons of which 26,000 was allotted to the USA and 32,800 as 

the TALFF. In 1980, the OY was reduced to 35,000 tons, with 9,000 

tons allotted to the USA and 26,000 tons designated as TALFF. In 

1981, the OY was further reduced to 25,000 tons, with 9,000 tons 

designated as DAR, 10,000 tons allotte.d as TALFF and 6,000 tons 

placed in reserve. 

Commercial Catch Composition 

The estimated catch at age (in numbers) during 1955-1980 is 

given in Table 13. During 1955-1971, age 3-4 fish dominated the 

catch, but 2-3 fish were predQminant during 1972-1975. During 

1976-1978, ages 3-4 were again dominant, averaging 76% of the 

catch in each year. The majority of the fish caught in 1979 and 

in 1980 were again ages 2-3, comprising 47% and 78% of the catch 
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Ln each year, respectively. 

Mean weights at age (Table 14) were applied to the numbers

at-age data in Table 13 to obtain calculated catches. Ratios 

be.tween observed and calculated catches ranged from 1.002 to 

0.865 and averaged 0.937 (Table 14) during the time series. The 

1980 mean wei~hts were used for the 

size projections. 

1981-1983 catch and stock 

Abundance Indices 

Commercial catch per effort 

The USA commercial catch-per-day index (Table 12), although 

fluctuating considerably from year to year, has roughly paral

leled changes in stock abundance during 1955-1980 determined from 

VPA (Figure 7). The index reached its highest levels in the 

1950's (averaging 49.8 tons/day during 1956-1959) and then 

declined to a low of 8.7 tons/day in 1972. In 1976, the index in

creased to 46.1 tons/day, the highest point since 1959, but 

declined steadily thereafter to 17.4 tons/day in 1979. The index 

increased slightly in 1980 to 21.0 tons/day which is roughly 

equivalent to levels observed during the early 1970's. 

Research vessel mean catch per tow 

The USA spring bottom trawl survey catch-per-tow index (kg, 

linear) underwent a generally increasing trend from 1968 to a 

peak in 1977 of 7.8 kg , before declining to 2.1 kg in 1979 

(Table 15, Figure 8). The index again increased to reach a 

1968-1981 time series high of 8.8 kg in 1981. Catch per tow in 
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numbers (linear) also underwent an increasing trend from 1968 

(2.3) to 1973 (36.6), then fluctuated up and down in the succeed

ing years before reaching a series high of 41.0 in 1980 and 1981 

(Table 16). 

The autumn bottom trawl survey index (kg), although exhibit~ 

ing more fluctuati~n than the spring index, reached a high level 

in 1976 (4.4 kg), dropped until 1979 (1.7 kg), and increased in 

1980 to 2.1 kg (Table 15, Figure 9). The increase in 1980 was 

only to a level slightly higher than the average observed in the 

1960's. The catch-per-tow index in numbers (Table 1"6) increased 

from a low of 5.3 in 1964 to 40.1 in 1971, then declined to 16.4 

in 1973. The index increased dramatically in 1974 to a series 

high of 176.6 before dropping to an 

1976-1979. In 1980, the index increased 

average of 28.9 during 

to 50.2, the third 

highest level in the series (after 1974 and 1975). 

C~efficients of variation for the mean weight per tow indices 

averaged 0.33 for the spring survey and 0.19 for the autumn sur-

vey (Table 15), incidicating that, on an absolute basis, changes 

in abundance of ±66% and ±38% in the spring and autumn, respec-

tively, would not normally be detected by the surveys. The CV's 

for catch per tow in numbers averaged 0.34 and 0.24 for the 

spring and autumn surveys, respectively (Table 

those obtained for catch per tow in weight. 

Mean catch per tow at age 

Mean catch per tow at age (numbers, 
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1973-1981 are given in Table 17. Ages ranged from 1 to 10 years 

in the spring and 0 to 10 in the autumn. The data from both sur-

veys indicate that the 1973 and 1974 year classes were quite 

strong and dominated the stock through about 1978. Since 1975, no 

-year classes have consistently shown any substantial strength 

although the 1978 and 1980 year classes appear stronger than the 

1975-1977 or 1979 year classes.· The 1980 year class could 

poten'.ially be quite strong in that both The 1980 autumn survey 

catch per tow at age 0 and the 1981 spring catch per tow at age 1 

were the highest since 1974. 

Fishing Mortality 

Fishing mortality (F) in 1980, the terminal year for virtual 

population analysis, was estimated to be 0.12 for fully recruited 

ages (age 3+) from a 

effort and fishing 

power curve regression between fishing 

mortality from VPA (r=0.820, p<0.01) (Table 

18, Figure 10). The iterative method used to derive F in 1980 is 

described for the Gulf of Maine stock. 

Fishing mortality for fully-recruited ages of 0.14 was at a 

low in 1961, rose to 1.27 in 1965 at the peak of the USSR fishery 

and then declined to 0.27 in 1969 (Table 19 ) . After increasing 

sharply to 1.44 in 1971, F decreased to an average of 0.87 during 

1974-1976, but increased again to 1.33 in 1977. Since 1977, F has 

dropped sharply to an estimated 0.12 in 1980. 

Recruitment 

The sizes of the 1954-1977 year classes at age 1, estimated 
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from VPA (Table 20), ranged between 48 million fish (1976 year 

class) and 3,257 million fish (1962 year class), with an average 

of 1,006 million and a median of 600 million. 

Year-class &izes increased from 339 million fish in 1954 to a 

high of 3,257 million in 1962 before declining steadily to 436 

million for the 1969 year class~ This decline was followed first 

by a brief increase to 1,153 million fish for the 1971 cohort and 

then a decrease to 64 and 48 million fish for the 1975 and 1976 

cohorts, respectively. These poor year classes were confirmed by 

the research vessel catch-per-tow-at-age data in Table 17. 

Estimates of the size of the 1978-1980 year classes at age 1 

'were obtained from power curve regressions between spring survey 

catch per tow (numbers) at age 1 and year-class size at age 1 

from VPA (r=O.714, p)O.05) and between autumn survey catch per 

tow (numbers) at age 1 «r=0.685, p>0.05) and year-class size at 

age 1 from VPA (Table 21, Figure 11). The estimates of year-class 

size from each of the regressions were averaged and rounded to 

230, 100, and 175 million fish for 1978-1980, 

purposes of catch and stock size projections. 

Stock Size 

respectively, for 

Estimates of stock .size far 1955-1980 were obtained by VPA 

(Table 20). Mean weights at age· (Table 14) were applied to stock 

numbers at age to obtain stock biomass values, and the yearly 

biomass values were then corrected using the appropriate ratios 

between observed and calculated catch _(Table 13). Stock size at 

each age in 1981 was determined from the relationship: N81=N80e-Z80~ 
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Total stock biomass (age 1+) increased from 109,000 tons in 

1955 to a high of about 800,000 tons in 1963 before declining to 

167,000 tons in 1970. Biomass increased again to 277,000 tons in 

1973 but decreased to a low of only 33,600 tons in 1978. The 

-stock has remained at a relatively low level during 1977-1980 

(average of 53,200 tons) compared to 1966-1976 when the stock 

averaged 213,000 tons. The total stock biomass in 1981 was 

estimated to be 47,400 tons, a 16% increase over 1980, but still 

the third lowest level in the 1955-1981 time series (Table 20, 

Figure 7). 

Spawning stock biomass (age 2+) increased from about 93,000 

tons in 1957 to 595,000 tons in 1964, decreased to 131,000 tons 

in 1971, and then increased to 199,000 tons in 1974 (Table 20, 

Figure 12). Biomass decreased to a low of only 25,600 tons in 

1978 before increasing to an estimated 32,300 at the beginning of 

1981. As with total stock biomass, the levels during 

(average 38;700 tons) were well below previous levels. 

Partial Recruitment 

1977-1981 

Age specific fishing mortality rates from VPA (Table 19) in

dicate that silver hake have generally been fully recruited to 

the fishery in recent years by about age 3, although in the past 

(i.e. 1955-1?~4), full recruitment was not reached until age 4. 

Partial recruitment of an age group 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. Partial recruitment was estimated to be 4% at 
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age 1, 22% at age 2, and 100% at ages 3 and older in 1980. These 

estimates were used in the projections of catch and 

for 1981-1983. 

Catch and Stock Size Projections 

stock size 

A total stock biomass of 47,400 tons was estimated to be 

available at the beginning of 1981, a 16% increase from 1980. 

Spawning stock biomass was estimated to be 32,300 tons in 1981, 

about the same as in 1980. 

Total catch in 1981 was projected to be approximately 1,300 

tons based on reported catches through September and the assump

tion that catch rates for the remainder of 1981 would be similar 

to those in 1980. This level of catch would require an F of about 

0.06 for ages 3 and older and leave a spawning stock b{omass of 

43,400 tons at the beginning of 1982 (a 34% increase from 1981). 

Catches in 1981 ranging between 1,000 and 5,000 tons, requiring 

F's ranging ~etween 0.05 and 0.24, were also considered. Spawning 

stock biomass at the beginning of 1982 at these catch levels 

would range from 39,300 to 43,700 tons (increases from 1981 rang

ing from 22% to 35%) assuming a 1981 year class equal to the 

average of the 1975-1980 year classes of 125 million fish. 

Catch options for 1982 and the resultant spawning stock 

biomass levels in 1983, under three levels of catch in 1981 

(1,000, 2,000, and 5,000 tons) were calculated for values of F 

ranging from 0.05 to 1.00 (Table 22). )Fishing at FO.1 in 1982 

(0.65) would result in a catch of between 11,700 and 13,400 tons 

and leave a spawning stock biomass in 1983 of between 31,000 and 
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3~,000 tons, averaging approximately a 23% d.ecrease from 1982. 

Catch levels in 1982 that would maintain the same spawning 

stock in 1983 as in 1982 would range between 2,700 and 3,400 tons 

,requiring F values between 0.11 and 0.16. If the catch in 1982 

remains at the projected 1981 level (about 1,300 tons), it will 

require an F 6f about 0.05 and result in a spawning stock size in 

1983 of 45,000 tons, about a 4% increase from 1982. 

SOUTHERN NEW ENGLAND - MIDDLE ATLANTIC STOCK 

Catch and Management History 

Catches by country for the period 1955-1980, including 

estimates of USA recreational catch, are listed in Table 23. 

Marine angler surveys provided estimates of the 1960, 1965, 1970, 

and 1974-1977 recreational catches. Catches 

years were estimated using ratios between 

recreational catch (Almeida and Anderson 1979). 

in the remaining 

commercial and 

Total catches averaged about 16,800 tons during 1955-1959, 

declined to 9,952 tons in 1960, and then, with the introduction 

of the distant-water-fleet (DWF), increased steadily to 137,400 

tons in 1966. Catches dropped sharply to 50,900 tons in 1967 and 

have since fluctuated between 15,500 and 67,000 tons. Catches in

creased from 19,200 tons in 1970 to 66,000 tons in 1973, declined 

to average 27,200 tons during 1976-1978, and have since dropped 

to 15,500 tons in 1980. The 1980 catch is the lowest reported 

since the introduction of the DWF (Figure 13). 
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USA commercial catches during 1955-1965 ranged between 8,200 

and 25,000 tons and averaged 14,800 tons per year. Catches during 

1966-1977 were much lower, ranging between 5,000 and 9,800 tons 

and averaging approximately 7,400 tons or 18% of the inter-

-national total per year, before increasing to average 12,000 tons 

during 1978-1980 (average of 61% of the international total per 

year) .. The 1980 catch was 11,483 tons. Estimated recreational 

catches during 1955-1978 ranged from 197 to 4,000 tons and 

averaged about 1,975 tons per year. The results of the NMFS 

Marine Recreational Fishery Statistics Survey conducted in 1979 

(NOAA 1980) were not utilized because the estimated catch of hake 

was much less than that determined from any of the previous sur-

veys and was considered by those knowledgeable of the hake 

recreational fishery in the mid-Atlantic area to be unrepresenta= 

tive of actual levels of harvest. Therefore, the recreational 

catch in both 1979 and 1980 was estimated to be about 3,000 tons 

The dis~ant-water-fleet catch in 1980 was only 973 tons, com-

pared to 3,888 tons in 1979, and was by far the lowest level 

since the DWF fishery began in 1963 and the first year since then 

without a reported catch by the USSR. 

The ICNAF TAC was 80,000 tons annually during 1973-1975 but 

was reduc~d to 43,000 tons in 1976. An OY of.45,000 tons was set 

for 1977 and reduced to 33,200 tons in 1978, of which 17,600 tons 

was allocated as TALFF. The 1978 OY was increased by 5,000 tons 

in mid-year, all of which was allocated as TALFF. In 1979 the OY 

was increased to 40,000 tons, of which 19,400 tons was allocated 

as TALFF. In 1980 the OY was increased further to 55,000 tons, 
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~ith 34,400 tons allocated as TALFF. The 1981 OY was reduced to 

30,000. tons, of which 20,600 tons was designated as domestic 

allowable harvest (DAH) and 9,400 tons allotted to TALFF. 

Catch Composition 

The estimated catch-at-age (in numbers) data for 1955-1980 

are listed in Table 24. The dominance of age 3-4 fish in the 

catch during the 1960"'s was replaced by' a shift towards age 2-3 

fish in the early 1970"'s. In 1977, the trend was again towards 

ages 3-4 and in 1978, ages 2-4 dominated with 37%, 25%, and 25% 

of the catch, respectively. In 1979 and 1980, ages 2-3 were again 

dominant in the fishery averaging 38% and 23%, respectively. Dur

ing 1979-1980, age 1 fish became more prevalent in the catch, 

with 15% of the catch in 1979 being age 1 and 19% in 1980 (com

pared to an average of less than 4% during 1974-1978). 

Mean weights at age for the 1955-1980 catches (Table 25) were 

applied to ~he numbers at age in Table 24 to obtain calculated 

catches. The ratios between observed and calculated catches 

ranged between 0.861 and 1.014 and averaged 0.958 (Table 24). The 

1980 mean weights at age (unadjusted) were used in the projec

tions of the 1981-1983 catch and stock size. 

Abundance Indices 

Commercial catch per effort 

USA commercial catch per day increased steadily from 4.3 tons 

in 1974 to 8.4 tons in 1978 (Table 23, Figure 13), the highest 

observed in the series (1964-1980), but dropped to 6.0 tons in 
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1980. Yearly values have fluctuated between 4~3 and 8.4 but have 

not shown any long-term trends nor have they been totally con

sistent with changes in stock biomass calculated from VPA (Figure 

13) . 

Research vessel mean catch per tow 

The USA spring bottom trawl survey catch-per-tow index (kg. 

linear) increased from 4.0 kg in 1970 to a series high of 19.1 kg 

in 1975 and then underwent a general decline to a low of 3.9 in 

1980. The index increased in 1981 to 6.4 kg (Table 26, Figure 

14). Catch per tow in numbers (linear) increased from 27.3 in 

1972 to a series high of 171.0 in 1975 before declining to 32.8 

Ln 1980. In 1981, the index increased slightly to 40.7 (Table 

27). 

The autumn bottom trawl survey index (kg) exhibited a general 

decline from 7.6 kg in 1965 to a low of 1.4 kg in 1974, increased 

to 4.6 kg in 1978, but decreased to 3.1 kg in 1980 (Table 26, 

Figure 15). The catch per tow in numbers also showed a general 

decline, although with cnsiderab1e fluctuations, from 190.3 in 

1966 to 36.2 in 1973 before increasing to 168.8 in 1976. The in

dex then declined to 40.4 in 1979 but increased again to 53.2 in 

1980 (Table 27). 

Coefficients of variation averaged 0.23 and 0.20 for the 

spring and autumn survey mean weight per tow indices, respec

tively, indicating that changes of~40-46% on an absolute basis 

would not normally be detected by the surveys. The CV's for catch 

per tow in numbers averaged 0.25 and 0.30 for the spring and 
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autumn surveys, respectively, indicating that changes in 

abundance of ±50-60% would not norma~ly be detected. 

Mean catch per tow at age 

Mean catch per tow at age (numbers, linear scale) for 

1973-1981 are given in Table 28. The ages present in this stock 

ranged from 1 to 9 in the spring surveys and 0 to 8 in the autumn 

surveys. The data from both surveys indicate that the 1973-1974 

year classes were stronger than the other year classes in the 

series. Of the year classes produced since 1974, the 1976 and 

1978 cohorts appear stronger than the others, and the 1980 year 

class appears to be of average strength. 

Fishing Mortality 

Fishing mortality in 1980, the terminal year for virtual 

population analysis, was estimated for fully re6ruited ages (ages 

3+) to be 0.45 from a power curve regression between fishing 

effort and fishing mortality (r=0.589, p<0.05) (Table 29, Figure 

16). This F value was derived using the iterative method 

described for the Gulf of Maine stock. 

Fishing mortality for fully-recruited ages determined by VPA 

ranged between 0.32 and 0.80 during 1955-1968, averaging about 

0.52. F then fluctuated between 0.50 and 1.05 du~i~g .~~69-1971, 

averaged 0.61 during 1972-1974, increased to 1.03 in 1975, and 

decreased to average 0.49 in 1976-1980 (Table 29). 
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R~cruitment 

The sizes of the 1954-1977 year classes at age 1, estimated 

from VPA (Table 31) ranged between 174 million fish (1975 year 

.class) and 2,002 million (1962 year class), with an average of 

616 million and a median of 406 million. 

Year-class sizes have shown two distinct peaks since 1954, 

increasing from 304 million for the 1956 cohort to a seri~s high 

of 2,002 million in 1963, then declining steadily to only 229 

million in 1967. Year-class strength then increased to 767 mil

lion in 1972 before declining to a low of 174 million fish for 

the 1975 year class. 

Year-class sizes at age 1 for 1978-1980 were estimated from a 

power curve regression (r=0.804, p<0.05) between the spring sur

vey catch per tow (numbers) at age 1 and year-class size at age 1 

from VPA (Table 32, Figure 17). The 1978-1980 estimates of year

class size were set at 250, 220, and 220 million fish, respec

tively. Recent recruitment, which has averaged 208 million fish 

for the 1975-1980 year classes is well below the mean 1954-1974 

year-class size of 731 million fish (Table 31, Figure 18). 

Stock Size 

Total stock biomass (age 1+) increased from an average of 

76,000 tons during 1955-1959 to a period high of 453,000 tons in 

1965 and then decreased to 81,000 tons in 1970. Biomass increased 

again to 213,000 tons in 1973, and then decreased steadily to 

82,100 tons in 1980. Biomass at the beginning of 1981 was 
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estimated to be 82,900 tons, slightly above the 1980 level, but 

approximately 26% below the average of 111,400 tons estimated for 

1975-1979, and 76% below the 1962-1967 average (350,900 tons), 

(Table 31, Figure 13). 

Spawning stock biomass (age 2+) averaged about 60,000 tons 

during 1955-1960 before increasing to a high of 375,000 tons in 

1965. Spawning biomass declined to average 63,900 tons in 

1970-1971, increased to an average of 147,900 tons in 1973-1974, 

and then declined steadily to 60,100 tons in 1980. The 1981 esti-

mate of 60,900 tons, which represents a slight increase over 

1980, is still the second lowest level since 1971 (Table 31, 

Figure 18). 

Partial Recruitment 

Since 1965, silver hake have been considered fully recruited 

to the fishery by about age 3 as indicated by age specific fish

ing mortality rates obtained by VPA (Table 30). Partial recruit-

ment in 1981 was estimated to be 18% at age 1 and 49% at age 2, 

with full recruitment at ages 3 and older. These estimates were 

used in projections of catch and stock size for 1981-1983. 

Catch and Stock Size Projections 

A total stock (age 1+) biomass of 82,900 tons was estimated 

to be available at the beginning of 1981. Spawning stock (age 2+) 

biomass was estimated to be 60,900 tons. These estimates 

represent no appreciable change from 1980. 
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Total catch in 1981 was projected to be approximately 14,000 

tons based on reported catches through September and the assump

tion that catch rates for the remainder of 1981 would be similar 

to those in 1980. This level of catch would require an F for ages 

J and older of about 0.34 and leave a spawning stock biomass of 

70,200 tons at the beginning of 1982 (a 15% increase from 1981). 

Catch levels in 1981 ranging between 10,000 and 20,000 tons, 

requiring F's ranging between 0.23 and 0.52 were also considered. 

Spawning stock biomass at the beginning of 1982 at these catch 

levels was estimated to range from 64,100 to 74,300 tons (in-

creases ranging between 5% and 22%) assuming a 1981 year class 

equal to the 1975%-1980 average of 200 million fish. 

Catch options for 1982 and the resultant spawning stock 

biomass levels in 1983, under three levels of 1981 catch (10,000, 

15,000, and 20,000 tons) were calculated for values of F ranging 

from 0.05 to 1.00 (Table 33). Fishing at FO.l in 1982 (0.55) would 

result in a catch of·between 20,100 and 23,500 tons, and would 

leave a spawning stock biomass in 1983 of between 59,300 and 

64,00 tons, approximately a 11% decrease from 1982. If the catch 

in 1982 remains at the projected 1981 level (about 14,000 tons), 

it will require an F of about 0.32, and result in a spawning 

stock size in 1983 of 70,200 tons, the same as in 1982. 
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Table 1. Silver hake catch statistics from the Gulf of Maine stock. 

Ca tch (·tQDS) USA International 
Year Bulgaria FRG (i-DR Poland USSR USA Total catch/day effort as 

( tons) 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 34,750 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 14,632 14,632 10.05 1,456 
1970 . 11,384 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 11 243 845 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 
1978 6,220 6,220 7 . 61 . 817 

,1979 2,635 2,635 6.4.4. 409 
1980 3,812 3,812 7.74 493 



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

~.e Observed Calculat1d Obs. 
Year 0 1 2 3 4 5 6 7 8 9 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 0.9 0.3 0.3 + 153.6 33,833 39,422 .85f 
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 · 87~ 
1957 0.1 47.6 16.2 34.5 47.3 22.7 15.6 5 f 7 2.9 0.9 0.2 0.2 + 193.9 36,980 40,929 .90Li 
1958 + 20.1 17.9 30.2 43.9 20.3 16.6 5.2 2.7 0.9 0.2 0.2 + 158.2 35,522 40,787 .871 
1959 + 7.9 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 .85( 
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 .88( 
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 .88:' 
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 · 86~ 
1963 0.5 15.5 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 .86: 
1964 + 1.1 21.5 34.6 38.4 18.2 9.4 4.8 '2.7 0.9 0.3 0.4 0.1 132.4 31,722 37,593 .84' 
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 .81 : 
1966 0.1 9.5 30.5 33.1 14.0 5.4 2.5 1.3 0.5 0.2 0.1 0.1 97.3 21,495 26,517 .81 J 

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 .82 :' 
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 .83( 
1969 3.0 2.5 6.6 17.3 '11.4 7.6 3.4 1.7 0.7 0.2 0.1 + 54.5 14,632 17,661 · 82~ 
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 .83l 

1971 1.8 11.7 13.6 10.4 4.0 1.9 1.0 0.4 0.1 0.1 0.1 45.1 8,316 9,647 .86: 
1972 0.1 13.6 9.2 6.6 1.3 1.0 0.5 0.1 0.1 0.1 0.1 0.1 + 32.8 6,651 7,631 .87: 
1973 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 .86: 
1974 + 5.9 12.6 6.1 0':7 0.5 0.3 0.1 + + + + 26.2 5,213 5,190 1.00' 
1975 1.4 12.9 20.3 5.6 1.9 0.5 0.1 0.1 + 42.8 9 J 141 9,243 · 98~ 
1976 0.9 13.9 18.6 5.4 2.4 1.3 0.1 :.- 42.6 9,760 9,856 · 99( 
1977 1 .. 2 8.0 14.5 8 .. 6 1 .9 0.4 0.2 + + 34.8 8,130 8,809 .991 

1978 + 1 .. 4 3.6 4.2 5.4 4 .. 9 1 .0 0 .. 4 + + + + 20.9 6,220 6,079 1 .02: 

1 
Using mean weights at age from Table 3. 



Table 3. Mean weights (kg) at age of silver hake catches from the Gulf of Mai~e stock. 

A£Q 
Year 0 1 2 3 4 5 6 7 8 9 10 11 12+ 

1955 .004 .048 .136 .215 .279 .331 .401 .510 .543 .523 .607 .760 1.201 
1956 .005 .036 .133 .215 .276 .311 .378 .451 .537 .513 .670 .799 1.192 
1957 .007 .026 .126 .212 .278 .308 .366 .425 .478 .462 .554 .750 1.093 
1958 .007 .044 .133 .225 .296 .332 .388 .474 .515 .474 .596 .757 1.334 
1959 .005 .051 .135 .204 .287 .347 .414 .508 .543 .547 .621 .765 1.132 
1960 .059 .137 .185 .254 .308 .412 .500 .609 .600 .705 .723 1.242 
1961 .060 .152 .196 .248 .287 .391 .491 .593 .581 .677 .738 1.858 
1962 .059 .156 .203 .256 .297 .385 .484 .606 .667 .771 .769 1.272 
1963 .044 .152 .207 .261 .308 .420 .567 .716 .862 1.038 .991 1.278 
1964 .005 .073 .158 .212 .268 .313 .437 .620 .784 ./196 .924 1.142 1.412 
1965 .077 .171 .210 .265 .320 .447 .583 .750 .816 .798 1.009 1.300 
1966 .101 .195 .220 .255 .293 .406 .567 .731 .745 .949 1.034 1.763 
1967 .073 .i94 .236 .269 .293 .347 .404 .508 .513 .649 .726 1.374 
1968 .. 066 .195 .266 .296 .317 .361 .430 .541 .578 .776 .965 1.413 
1969 .063 .151 -.274 .319 .346 .375 .431 .498 .538 .800 1.248 1.840 
1970 .064 .158 .217 .315 .375 .437 .512 .536 .565 .808 .675 1.522 
1971 .068 .132 .191 .251 .290 .396 .465 .549 .505 .589 .653 
1972 .035 .096 .222 .335 .493 .567 .567 .920 1.078 1.163 1.238 1.376 1.746 
1973 .022 .142 .197 .272 .459 .585 .491 .943 1.026 1.119 1.182 1.375 
1974 .011 .103 .187 .256 .372 .418 .390 .778 .909 1.118 1.218 1.057 
1975 .081 .135 .204 .319 .503 .622 .797 1.139 1.219 
1976 .104 .151 .235 .294 .436 .431 .982 1.654 
1977 .111 .176 .225 .305 .503 .65B .B1B .604 .868 
1978 .034 .129 . 191 .224 .298 .376 .495 .809 1.306 1.402 1.078 1.078 



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

Standard ~ Mean + No. of 
Year Mean Variance d2viation 2 S.D. Mean 2 S. O~ tows 

Spring 

1968 1 .002 .04 .09 .50 <.001- .18 73 .091 1969 .461 .02 .14 .28 .31 .18-.74 73 
1970 14.471 54.48 7.38 14.76 .51 -.29-29.23 75 
1971 1.021 .12 .35 .69 .34 .33-1.71 81 
1972 4.08 1.57 1.25 2.51 .31 1.57-6.59 80 
1973 4.53 .82 .91 1.81 .20 2.72-6.34 71 
1974 4.57 .74 .86 1.72 .19 2.85-6.29 68 
1975 14.92 11.20 3.35 6.69 .22 8.23-21.61 75 
1976 14.23 5.53 2.35 4.70 .17 9.53-18.93 87 
1977 6.17 1.41 1. 19 2.37 .19 3.80-8.54 91 
1978 1.36 .06 .24 .49 .18 .87-1.85 94 
1979 2.92 .49 .70 1.40 .24 1.52-4.32 117 
1980 6.79 .68 .82 1.65 .12 5.14-8.44 71 
1981 3.73 .26 .51 1.02 .14 2.71-4.75 73 

Autumn 

1963 26.45 30.44 5.52 11.03 .21 15. 42-37 .48 68 
1964 4.65 .62 .79 1.57 .17 3.08-6.22 53 
1965 7.89 7.90 2.81 5.62 .36 2.27-13.51 54 
1966 4.28 .91 .95 1.91 .22 2.37-6.19 51 
1967 2.42 .43 .66 1.31 .27 1.11-3.73 53 
1968 1.88 . .72 .85 1.70 .45 .18-3.58 56 
1969 2.45 .41 .64 1.28 .26 1.17-3.73 57 
1970 3.01 .72 .85 1.70 .28 . 1.31-4.71 61 
1971 2.74 .62 .79 1.57 .29 1.17-4.31 62 
1972 6.50 .66 .81 1.62 .12 4.88-8.12 61 
1973 4.17 .36 .60 1.20 .14 2.97-5.37 61 
1974 3.78 .56 .75 1.50 .20 2.28-5.28 63 
1975 9.09 1.28 1.13 2.26 .12 6.83-11.35 72 
1976 10.87 5.37 2. 32 4.63 .21 6.24-15.50 60 
1977 7.20 3.52 1.88 3.75 .26 3.45-10.95 83 
1978 6.20 .44 .66 1.33 .11 4.87-7.53 143 
1979 6.51 .86 .93 1.85 .14 4.66-8.36 152 
1980 7.67 4.13 2.03 4.06 .26 3.61-11.73 57 

1Adj usted from No. 36 IIYankee ll trawl catches to equi val ent No. 41 IIYankee l1 

trawl catches using a 1.61:1 ratio (Sissenwine and Bowman 1978). 



Table 5. Stratified mean catch (numbers, linear) per tow of silver hake from the Gulf 
of Maine stock from USA bottom trawl surveys in the spring (strata 21-30,36-40) 
and autumn (strata 24,26-30,36-40) with accompanying estimates of precision. 

Standard S.D. Mean±' 
Year Mean Variance deviation 2 s. D. Mean 2 S.D. 

Spring 

1968 .89 1 .05 .22 .45 .25 .44 - 1.34 
1969 10.771 2.87 1.69 3.39 .16 7.38 - 14.16 
1970 38.37 1 215.27 14.67 29.34 .38 9.03 - 67.71 
1971 9.90 1 5.42 2.33 4.66 .24 5.24 - 14.56 
1972 68.29 1 262.00 16.19 32.37 .24 35.92 -100.66 
1973 46.76 65.61 8.10 16.20 .17 30.56 - 62.96 
1974 109.83 538.27 23.20 46.40 .21 63.43 -156.23 
1975 345.15 6632.91 81.44 162.89 .24 182.26 -508.04 
1976 138.66 323.75 17.99 35.99 .13 102.67 -174.65 
1977 48.73 47.26 6.87 13.75 .14 34.98 - 62.48 
1978 19.30 24.78 4.98 9.96. .26 9.34 - 29.26 
1979 60.64 203.34 14.26 28.52 .24 32.12 - 89.16 
1980 82.71 139.51 11.81 23.62 .14 59.09 -106.33 
1981 57.66 71.56 8.46 16.92 .15 40.74 - 74.58 

Autumn 

1963 210.09 1586.17 39.83 79.65 .19 130.44 -289.74 
1964 26.08 16.26 4.03 8.06 .15 18.02 - 34.14 
1965 41.48 272.62 16.51 33.02 .40 8.46 - 74.50 
1966 16.48 8.26 2.87 5.75 .17 10.73 - 22.23 
1967 9.80 7.12 2.67 5.34 .27 4.46 - 15.14 
1968 6.37 6.43 2.54 5.07 .40 1.30 - 11.44 
1969 13.45 11.43 3.38 6.76 .25 6.69 - 20.21 
1970 17.63 27.96 5.29 10.58 .30 7.05 - 28.21 
1971 20.37 14.23 3.77 7.54 .19 12.83 - 27.91 
1972 54.21 47.55 6.90 13.79 .13 40.42 - 68.00 
1973 24.02 9.79 3.13. 6.26 .13 17.76 - 30.28 
1974 26.45 29.11 5.40 10.79 .20 15.66 - 37.24 
1975 69.09 84.61 9.20 18.40 .13 50.69 - 87.49 
1976 55.06 91.90 9.59 19.17 .17 35.89 - 74.23 
1977 32.75 53.59 7.32 14.64 .22 18.11 - 47.39 
1978 32.60 12.40 3.52 7.04 .11 25.56 - 39.64 
1979 53.13 63.82 7.99 15.98 .15 37.15 - 69.11 
1980 39.97 97.74 9.89 19.77 .25 20.20 - 59.74 

lAdjusted from No. 36 "Yankee" trawl catches to equivalent No. 41 "Yankee" trawl 
catches using a 2.36:1 ratio (Sissenwine and Bowman 1978). 



- Table 6. Stratified mean catch (numbers, linear) per tow at age for silver hake from the Gulf of Maine stock from 
USA bottom trawl surveys in the spring (Strata 21-30, 36-40) and autumn (Strata 24, 26-30, 36-40). 

Age, Total 
Year 0 II III IV V VI VII VIII IX X XI XIl+ 0+ 1+ 11+ -----

Spri ng 

1973 13.28 29.92 3.01 .39 .13 :02 .01 46.76 46.76 33.48 
1974 93.66 10.08 4.70 1.08 .21 .02 .03 .01 .02 .02 109.83 109.83 16.17 
1975 123.72 195.92 20.81 3.45 1.10 .15 345.15 345.15 221.43 
1976 29.80 66.59 35.69 4.20 1. 49 .76 .08 .03 .02 138.66 138.66 108.86 
1977 14.91 14.37 12.52 5.11 1.00 .38 .37 .04 .03 48.73 48.73 33.82 
1978 11. 96 5.15 .99 .51 .52 .12 .02 .01 .01 .01 19.30 19.30 7.34 
1979 23.02 35.61 1.15 .24 .25 .14 .15 .08 60.64 60.64 37.62 
19801 10.91 51.93 17.56 1.24 .36 .32 .24 .04 .05 .04 .02 82.71 82.71 71.80 
1981 36.16 57.66 57.66 

Autumn 

1973 4.63 7.59 7.89 2.94 .48 .32 .11 .01 .02 .03 24.02 19.39 11.80 
1974 8.49 10.70 4.35 2.12 .20 .20 .19 .07 .08 .05 26.45 17.96 7.26 
1975 3.35 18.46 34.76 8.29 2.54 .96 .44 .09 .04 .16 69.09 65.74 47.28 
1976 4.37 4.46 19.67 18.71 4.62 1. 35 1.00 .16 .01 .03 54.38 50.01 45.55 
1977 3.26 6.21 5.82 9.69 6.46 1.06 .21 .03 .01 32.75 29.49 23.28 
1978 6.39 11.81 3.48 2.00 3.30 4.20 .89 .26 .27 32.60 26.21 14.40 
1979 .65 28.78 18.22 1.98 .75 1.05 . 1.54 .14 .01 .01 53.13 52.48 23.70 
1980 2.38 5.09 14.67 12.07 2.22 .51 1.04 1.44 .55 39.97 37.59 32.50 

------.-~~-.--~ 

Iprovisional estimate; survey ages currently being analyzed. 



Table -r 
I. Estimation of F in 1978 for the Gulf of Maine silver hake 

fishery. 

Yliar 

1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 

1 
Expressed as USA days fished. 

? 

Fishiny 
effort 

1,388 
933 

1,182 
856 

1,386 
1,456 
1,486 

973 
932 
901 
830 

1,166 
584 
549 
817 
409 
493 

-Weighted mean F for fully-recruited ages. 

Fishing . ..., 

ffiJrtallty'" 

.552 

.411 

.411 

.324 

. 724 

. 754 

.931 
1.228 

.654 

.496 

.228 

.607 

.399 ... 4 
(.268)~,1 
(. 400) ~ 
(.201)~ 
(.241).) 

3 -
Calculated from power curve relationship of fishing effort on fishing 
mortality for 1964-1977: 

.9725 
Y = .00058X , r = .699. 

4 
Value calculated from VPA was .327. 

~ . 
~ot used ln calculation of power curve relationship because F value appeared 
excessive ly high. for the amount of fishing effort in comnarison to other years. 



Table B. Fishing mortality rates for the Gulf of Maine silver hake stock derived from virtual population 
analysis (M=.40). 

YEAR 

1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 

1 

.032 

.037 

.100 

.041 

.017 

.006 

.002 

.003 

.001 

.003 

.001 

.001 

.003 

.008 

.059 

.016 

.029 

.130 

.086 

.037 

.014 

.024 

.016 

.020 

2 

.056 

.034 

.057 

.061 

.088 

.102 

.077 

.067 

.060 

.079 

.068 

.053 

.040 

.052 

.054 

.188 

.502 

.250 

.506 

.185 

.131 

.229 

.299 
.077 

AGE 

3 4 5 6 7 B 9 

FISHING MORTALITY 

.147 

.096 

.171 

.177 

.240 

.210 

.232 

.229 

.237 

.230 

.179 

.213 

.150 

.277 

.215 

.394 
1.247 

.339 

.221 

.402 

.433 

.475 

.298 

.392 

.428 

.434 

.523 

.357 

.406 

.338 

.725 

.784 

.876 
1.300 

.785 .451 

.508 .248 

.260 .084 

.657 .516 

.355 .463 

.400 .279 
(.400)3 (.400)3 

.389 .531 .564 .679 .484 

.218 .352 .325 .377 .334 

.360 .553 .536 .659 .482 

.381 .631 .459 .690 .568 

.447 .523 .600 .689 .581 

.274 .299 .310 .425 .287 

.348 .394 .361 .328 .285 

.362 .383 .423 .378 .245 

.376 .426 .347 .479 .278 

.547 .618 .638 .726 .658 

.407 .502 .643 .803 .640 

.401 .392 .460 .692 .621 

.314 .292 .309 .282 .426 

.710 .790 .651 .655 .789 

.709 .797 .714 .703 .765 

.923 1.061 .907 1.268 .596 
1.381 1.274 .864 .443 .282 

.498 .831 .235 .235 .235 

.497 .487 (.496)1(.496)1(.496)1 

.304 .649 .269 

.432 .738 <.607)1(.607)1 

.564 .787 (.399)1 

.304 .155 (.327)1 
(.400)3(.400)3 (.400)3 

IMean F for fully recruited ages in that year. 
2Weighted by stock size at age (Table 9 ). 
3 Es timated. 

10 11 

.110 

.221 (.422)1 

.232 (.455)1 
• 296 ( • 488 )1 

.351 (.297)1 

.222 (.376)1 

.219 .205 

12+ 

.149 .452 (.411)1 

.273 .640 (.552)1 

.373 .373 (.411)1 
( • 4 11 ) 1 ( • 4 11)1 (. 4 11. ) 1 

.300 

.308 ( .724 )1 

.599 ( .754 )1 

.675 ( .931>1 

.282 (1. 228)1 
( .654) 1 ( .654)1 
( .496)1 

100% RECHUITMENT 
MEAN F2 AGE 

.395 

.244 

.422 

.455 

.488 

.297 

.376 

.400 

.411 

.552 

.411 

.411 

.324 

.724 

.754 

.931 
1.228 

.654 

.496 

.228 

.607 

.399 

.327 

.40() 

4+ 
4+ 
4+ 
4+ 
4+ 
4+ 
4+ 
4+ 
4+ 
4+ 
4+ 
4+ 
4+ 
4+ 
4+ 
4+ 
3+ 
3+ 
2+ 
3+ 
3+ 
3+ 
2+ 
3+ 



Table 9. Stock size estimates for the Gulf of Maine silver hake stock derived from VPA. 

--------------------------------
AGE 

---------------------------------------
YEAR 1 2 3 4 5 6 7 8 9 10 11 12+ 

-----------------------------------------------------------------------
AGE 1+ AGE 2+ 

STOCK SIZE (MILLIONS) TOTAL WGTI TOTAL WGTI 
---------------------

1955 628.3 443. ~~ 289.9 170.0 76.5 37.3 16.0 7.5 2.8 1671.5 218.1 1045.5 193.5 
1956 549.8 408.2 281.0 167.7 81.2 34.8 14.7 6.1 2.5 1.2 1547.1 202.7 997.9 185.8 
1957 602.6 355.2 264.6 171.2 90.1 43.8 16.4 7.1 2.8 1.2 .7 1555.8 199.6 953.1 185.4 
1958 608.4 365.4 225.0 149.5 76.8 4~!. 2 16.9 6.4 2.5 1.2 .7 1494.8 196.6 886.4 173.3 
1959 569.3 391.6 230.4 126.4 65.0 35.2 1.5.0 7.1 2.2 .9 .6 1443.8 183.6 874.5 159.0 
1960 536.8 375.2 240.5 121..5 52.7 27.9 14.0 5.5 2.4 .8 .5 1377.8 176.2 841.0 148.1 
1961 506.0 358.0 227.0 130.7 60.5 26.9 13.8 6.9 2.4 1.2 .4 1333.7 179.2 827.7 152.4 
1962 480.1 339.6 222.2 120.6 59.2 28.6 12.1 6.5 3.3 1.2 .7 1274.1 172.8 794.0 148.3 
1963 510.1 321.8 212.8 118.5 52.7 27.6 13.1 5.3 3.0 1.7 .7 .4 1267.7 164.5 757.6 145.2 
1964 457.7 342.1 203.1 112.5 51.5 24.2 12.1 6.2 2.2 1.5 1.0 • :3 1214.5 172.6 756.8 144.4 
1965 332.6 305.9 211.9 108.2 44.7 20.0 8.8 4.3 2.0 .8 .8 .4 1040.3 152.1 707.7 131.2 
1966 171.0 223.6 191.6 118.7 50.8 20.0 8.1 3.1 1.3 .7 .4 . " 789.5 134.4 618.6 120.4 
1967 96.4 115.0 142.2 103.8 53.0 22.8 9.0 3.4 1.0 .5 547.2 99.2 450.8 93.4 
1968 87.1 64.6 74.1 82.0 49.6 26.0 11.4 4.4 1.7 .5 .2 401.7 80.0 314.6 75.2 
1969 b3.4 5"7.9 41,.1 37.7 26.6 16.4 7.9 4.0 1.5 .5 .2 25l;2 413.3 193.9 45.0 
1970 53.6 40.1 36.8 22.2 11.5 8.8 4.9 2.6 1.3 .5 .2 182.5 31.9 128.9 29.1 
1971 7b.7 35.4 22.2 16.6 6.2 3.1 2.0 1.3 .5 .5 .2 164.7 20.4 88.0 15.9 
1972 134.8 5().0 14.3 4.3 3.0 1.0 .6 .6 .b .2 .2 209.7 31.2 74.9 19.9 
1973 146.0 79.3 26.1 4.4 1.8 1.2 .3 .3 .3 .3 260.1 41.8 114.1 23.9 
1974 196.5 89.9 32.1 10.5 2.3 .7 .5 332.5 51.0 136.0 30.7 
1975 123.7 126.9 50.1 16.6 6.5 1.1 .3 .3 325.4 46.6 201.7 36.7 
1976 46.9 81.8 74.6 17.4 6.6 2.8 .4 230.5 43.9 183.7 39.1 
1977 (90) 30.7 43.6 35.1 7. :5 2.5 .9 210.1 41.6 120.1 31.7 
1978 (90) 58.7 15.3 19.6 17.8 3.6 1.5 206.5 42.7 116.5 30.9 
1979 (100) 59.1 36.4 6.9 8.8 8.0 1.6 .7 221.5 44.9 121.5 31.7 

----------------------------------------------
lAdjusted using ratios of observed/calculated catch (in thousands of tons). 
2Estimated. 



Table 10. Rela~ionship be~ween spring survey ca~ch per tow (numbers) a~ age 1 
and year-class size (millions) at age 1 from vir~ual population 
analysis for the Gulf of Maine silver hake stock. 

Year- Spring Survey Stock Size 
class Age 11 Age 1 

1968 6.02 63.4 
1969 3.83 53.6 
1970 3.13 76.7 
1971 39.93 134.8 
1972 13.57 146.0 
1973 93.66 196.5 
1974 123.72 123.7 
1975 29.80 46.9 
1976 14.91 (89.1)2 
1977 11.96 (84.7) 2 
1978 23.02 (98.4) 2 
1979 10.91 (82.9)2 
1980 36.16 (109.1)2 

lIndices before 1973 estimated from length frequency analysis, 
1973-1980 indices from Table S. 

2Calculated from a power curve relationship of spring survey 
catch per tow on VPA year-class si:e for 1968-1975:' 

.229 
Y=47.993x , r =.616 



Table 11. Relationship between survey catch per tow (numbers, age 2+) and 
spawning stock size (millions, age 2+) from virtual population 
analysis for the Gulf of Maine silver hake stock. 

Spring survey Autumn survey Stock si:e 
Year Age 2+ Age 2+ Age 2+ 

1973 ·33.48 11.80 114.1 
1974 16.17 7.26 136.0 
1975 221.43 47.28 201.7 
1976 108.86 45.55 183'.7 
1977 33.82 23.28 120.1 
1978 7.34 14.40 116.5 
1979 37.62 23.70 121.5 
1980 71.80 32.50 (144 ~-6) 1 (1'-' 7)2 ;) 1._ 

lCal~ulated from a linear regression of spring survey catch per 
tow on VPA spawning stock size for 1973-1979: 

Y=113.607 + .432x, r= .921 
') 

"'Calculated from a linear regression or autumn survey catch 
per tow' on VPA spawning stock size for 1973-1979: 

Y=93.2S4 + 1.966x, r= .876 



Table 12. Silver hake catch statistics from the Georges Bank stock l 

USA I nterna t i onal 
Catch {tons} catch/day effort as 

Year Bulgaria Canada Cuba FRG GOR Italy Japan Poland Romania Spain USSR USA Other Total ( tons) USA days fished 

1955 19,595 19,595 
1956 20,729 20,729 51.50 403 
1957 25,856 25,856 51.40 503 
1958 14,498 14,498 42.76 339 
1959 15,899 15,899 53.51 297 
1960 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 103,697 14,007 117,704 29.90 3,937 
1964 164,763 5,522 170,285 41. 52 4,101 
1965 230,666 8,208 238,874 24.00 9,953 
1966 88,086 12,713 100,799 26.09 3,864 
1967 3 16 47,348 12,300 59,667 31.83 1,875 
1968 37 887 28,013 6,451 14 35,402 25.31 1,399 
1969 42 148 292 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 82 124 66,809 3,069 71,742 17.38 4,128 
1972 1,914 354 226 111 104 42 73,882 879 77,512 "8.66 8,951 
1973 879 145 188 251 4 55,042 5,698 62,207 22.60 2,753 
1974 740 1 49 36 43 70 204 62,938 2,283 66,364 15.02 4,4HI 
1975 1,021 2 1,304 . 26 29 1 125 122 133 55.795 4,588 49 63,195 22.85 2,766 
1976 3,658 81 6 102 172 5 37,992 3,793 45.809 46.07 994 
1977 1,305 9 39.200 3,749 44 ~263 31.60 1,401 
1978 5 3~602 6,394 10,001 20.19 495 1979 137 22 861 893 2 1,915 17.37 110 
1980 2 278 218 1,1.66 1,664 2J.97 79 

INon-USA catches before 1968 are estimated. 



Table 1~ Silver hake catch at age (millions of fish) from the Georges Bank stock (+ denotes less-than 0.1 million). 

~e Observed Calculated 
Year 0 2 3 4 5 6 7 8 9 10 11 12+ Total weight weight1 Obs/Calc 

(toos) {tons) 

1955 + 3.6 3.1 25.0 39.0 14.5 2.9 1.7 0.7 0.2 + + 90.7 19.595 22,106 0.886 
1956 + 2.3 3.5 20.8 42.8 17.2 2.9 1.4 0.6 0.2 + + + 91.7 20.729 23,916 0.867 
1957 + 11.4 5.7 31.3 47.4 23.7 4.4 1.8 0.6 0.2 + + + 126.5 25,856 29,179 0.886 
1958 + 4.4 5.5 16.3 22.5 12.5 2.9 1.6 0.5 0.1 + + + 66.3 14,498 16,756 0.865 
1959 + 3.8 7.7 26.9 23.0 1l.5 3.0 1.5 0.7 0.1 + + + 78.2 15~899 18,018 0.882 
1960 2.2 11. 7 46.9 33.0 12.6 3.8 2.1 1.0 0.2 + + 113.5 22,070 23,868 0.925 
1961 0.6 5.1 31. 2 25.3 7.1 1.8 1.1 0.5 0.2 + + 72.9 14,468 16,013 0.904 
1962 1.8 19.1 106.9 109.7 40.5 6.7 3.6 1.0 0.2 + + + 289.5 58,239 61.296 0.950 
1963 17.1 48.8 246.2 240.3 61.0 9.9 4.0 2.1 0.5 0.1 + + 630.0 117',704 122,128 0.964 
1964 + 0.9 80.1 313.6 268.8 98.4 31.9 18.7 9.0 2.3 0.1 0.2 + 824.0 170,285 181,068 0.940 
1965 31.2 160.0 770.2 460.5 57.0 10.6 5.0 1.8 0.4 0.1 + + 1,496.8 238,874 255,541 0.935 
1966 17 .1 173.7 264.3 160.1 29.3 8.5 4.1 2.6 0.5 0.1 0.1 + 660.4 100,799 108,727 0.927 
1967 4.2 11.5 106.9 136.9 31.0 4.8 2.0 1.0 0.2 0.1 + + 298.6 59,667 64,946 0.919 
1968 1.6 4.8 76.1 56.5 31.0 6.2 1.9 0.8 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 0.934 
1970 38.0 27.1 33.0 37.9 14.6 4.2 3.3 1.3 0.3 0.1 + + 159.9 24,905 25,397 0.981 
1971 3.3 21.9 1l0.4 98.1 55.3 21.6 8.9 7.8 3.8 0.7 0.3 332.1 71.742 75,261 0.953 
1972 0.4 148.2 148.4 102.1 28.2 5.7 3.4 2.2 0.8 . 0.4 0.2 0.1 0.1 440.2 77,512 82,821 0.936 
1973 + 20.5 240.0 78.4 12.2 2.6 1.6 0.9 0.3 0.1 + + + 356.6 62,207 63,949 0.973 
1974 + 12.0 150.3 122.5 25.3 3.5 3.8 1.6 0.4 0.2 0.1 + + 319.7 66,364 68,096 0.975 
1975 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 7.9 0.9 0.1 + 230.5 45,809 45,941 0.997 
1977 0.7 12 .. ] 106.8 63.6 5.0 1.1 0.7 190.6 44,263 47,644 0.929 
1978 0.4 5.9 ·7.5· 12.4 10.1 lA5 0.3 + + + 38.1 10,001 10,101 0.990 
1979 0.9 1.6 1.8 1.0 0.9 0.8 0.2 + 7.2 1,915 1,912 1.002 
1930 0.4 3.2 5.4 0.9 0.3 0.3 0.4 .0 .. 1 + + 11.0 1,664 1.742 0.955 

---------- -------------_._---_._._-

Using n~an weights at age from Table 14. 



Table 14 . Mean weights (kg) at age of silver hake catches from the Georges Bank stock. 

~_e ____ 
Year 0 2 3 4 5 6 7 8 9 10 11 12+ 

1955 .005 .034 .105 .180 .237 .332 .485 .597 .708 .919 .971 1.068 1. 410 
1956 .006 .048 .110 .192 .250 .337 .481 .616 .798 .972 1.090 1. 217 1.709 
1957 .007 .024 .101 .172 .241 .336 .450 .542 .. 683 .968 1.020 1.200 1. 745 
1958 .008 .049 .107 .183 .256 .357 .481 .559 .718 .979 1.114 1.161 1.688 
1959 .006 .052 .107 .169 .239 .350 .497 .571 .708 .857 .971 1.023 1.576 
1960 .069 .107 .159 .217 .330 .466 .529 .644 .813 .847 .896 1.529 
1061 .073 .110 .170 .222 .335 .490 .599 .772 .912 .998 .944 1.316 
1962 .075 .113 .161 .219 .303 .396 .556 .668 .866 .914 .758 1.454 
1963 .080 .107 .161 .208 .288 .415 .518 .748 1.006 .954 .810 1.425 
1964 .006 .077 .104 .155 .218 .322 .486 .552 .641 .831 1.007 .849 1.518 
1965 .064 .102 .155 .200 .302 .424 :499 .616 .859 .865 .957 1.439 
1966 .060 .093 .151 .209 .308 . 483 .590 . .754 .889 1.178 1.053 1.967 
1967 .030 .105 .175 .225 .311 .446 .567 .821 1.062 1.537 1.276 1.652 
1968 .068 .099 .152 .218 .315 .443 .552 .720 .969 1. 527 1.328 1.163 
1969 .058 .113 .161 .217 .289 .380 .475 .664 .933 1.206 1.183 1.424 
1970 .062 .101 .162 .198 .262 .322 .388 .491 .771 1.260 1.155 1.406 
1971 .086 .112 .159 .206 .275 .342 .425 .557 .792 .977 1.155 
1972 .024 .085 .178 .269 .338 .427 .416 .568 .978 1.110 1.105 1.664 .909 
1973 .028 .118 .157 .215 .334 .447 .492 .643 .939 1.096 1.073 .808 
1974 .029 .061 .176 .239 .298 .407 .323 .457 .942 1.075 1.191 1.305 .791 
1975 .091 .151 .207 .288 .349 .420 .343 1.085 .621 1.236 
1976 .097 .159 .188 .217 .236 .649 .689 1.272 
1977 .126 .191 .242 .265 .342 .399 .402 .577 
1978 .061 .207 .231 .285 .289 .354 .462 .927 1.123 1.192 
1'979 .153 .192 .272 .307 .364 .333 .382 .4.10 
1930 .090 .129 .139 .204 .281 .339 .341 .367 :660 



Table 15. Stratified mean catch per tow (kg, linear) of silver hake from the 
Georges Bank stock from USA bottom trawl surveys in the spring 
(strata 13-20) and autumn (strata 13-23, 25) with accompanying 
estimates of precision. 

Standard S.D. Mean + No. of 
- Year ~lean Variance deviation 2 S.D. Mean 2 S.O~ Tows 

SQrin9. 

1968 1 .23 .48 .96 .55 .09-1.83 45 .871 1969 1.241 .25 .50 1.00 .40 · 24- 2.24 51 
1970 1.741 .15 .39 .77 .22 · 97 -2.51 46 
1971 1.80

1 .16 .40 .80 .22 1.00-2.60 49 
1972 1.22 .10 .32 .63 .26 .59-1.85 51 
1973 5.05 1.91 1.38 2.76 .27 2.29-7.81 48 
1974 2.09 .46 .68 1.36 .32 · 73- 3.45 45 
1975 2.47 .30 .55 1.10 .22 1.37-3.57 48 
1976 2.45 .60 .77 1.55 .32 .90-4.00 46 
1977 7.84 6.25 2.50 5.00 .32 6.29-9.39 47 
1978 4.46 6.77 2.60 5.20 .58 .74-9.66 51 
1979 2.08 .78 .88 1.77 .42 .31- 3.85 82 
1980 6.85 5.70 2.39 4.77 .35 2.08-11.62 47 
1981 8.76 2.81 1.68 3.35 .19 5.41-12.11 44 

Autumn 

1963 3.60 .26 .51 1.02 .14 2.58-4.62 46 
1964 1.2,5 .07 .26 .53 .21 .72-1.78 57 
1965 1. 51 .07 .26 .53 .18 · 98-2.04 60 
1966 1.48 .06 .24 .49 .17 · 99-1.97 61 
1967 1.01 .04 .20 .40 .20 .61-1.41 62 
1968 2.49 . 12 .35 .69 .14 1.80-3.18 63 
1969 1.69 .10 .32 .63 .19 1.06-2.32 67 
1970 1.29 .06 .24 .49 .19 .80-1.78 62 
1971 1.21 .05 .22 .45 .18 .76-1.66 66 
1972 1.34 .11 .33 .66 .25 .68-2.00 67 
1973 1.74 .15 .39 .77 .22 .97 -2.51 66 
1974 1.09 .05 .22 .45 .21 .64-1.54 68 
1975 1.97 .11 .33 .66 .17 1.31-2.63 66 
1976 4.42 1.17 1.08 2.16 .24 2.26-6.58 62 
1977 1.92 .17 .41 .82 .21 1.10-2.74 89 
1978 3.04 .29 .54 1.08 .18 1. 96-4.12 133 
1979 1.66 .09 .30 .60 .18 1.06-2.26 122 
1980 2.11 .13 .36 .72 .17 1.39-2.83 86 

1Adjusted from No. 36 "Yankee ll trawl catches to equivalent No. 41 "Yankee" 
trawl catches using a 1.ti1:1 ratio (Sissenwine and Bowman, 1978). 



Table 16.; Stratified mean catch (nwnbers, linear) per tow of silver hake from the 
Georges Bank stock from USA bottom trawl surveys in the spring (strata 
13-20) and autwnn (strata 13-23,25) wi th accompanying estimates of precision. 

Standard S.D. Mean+ . 
Year Mean Variance deviation 2 S.D. Mean 2 S.D. 

Spring 

1968 2.301 .96. .98 1.96 .43 .34- 4.26 
1969 5.031 3.75 1.94 3.87 .38 1.16- 8.90 
1970 6.111 3.16 1.78 3.56 .29 2.55- 9.67 
1971 6.00 1 2.10 1.45 2.90 .24 3.10- 8.90 
1972 5.031 1.31 1.14 2.29 .23 2.74- 7.32 
1973 36.60 84.70 9.20 18.41 .25 18.19-55.01 
1974 22.24 95.49 9.77 19.54 .44 2.70-41.78 
1975 27.20 47.66 6.90 13.81 .25 13.39-41.01 
1976 13.71 20.47 4.52 9.05 .33 4.66-22.76 
1977 36.58 141.89 11.91 23.82 .33 12.76-60.40 
1978 18.02 103.73 10.18 20.37 .57 2.35-38.39 
1979 8.36 1~.03 3.47 6.94 .41 1.42-15.30 
1980 40.96 265. 75 16.30 32.60 .40 8.36-73.56 
1981 40.99 66.78 8.17 16.34 .20 24.65-57.33 

Autumn 

1963 18.22 4.88 2.21 4.42 .12 13.80-22.64 
1964 5.32 .91 .95 1.91 .18 3.41- 7.23 
1965 6.27 .91 .95 1.91 .15 4.36- 8.18 
1966 8.47 2.96 1.72 3.44 .20 5.03-11.91 
1967 6.03 2.06 1.44 2.87 .24 3.16- 8.90 
1968 21.36 29.48 5.43 10.86 .25 10.50-32.22 
1969 15.94 13.67 3.70 7.39 .23 8.55-23.33 
1970 6.76 2.04 1.43 2.86 .21 3.90- 9.62 
1971 40.14 250.72 15.83 31.67 .39 8.47-71.81 
1972 20.19 18.83 4.34 8.68 .21 11.51-28.87 
1973 16.35 9.94 3.15 6.31 .19 10.04-22.66 
1974 176.61 2715.90 52.11 104.23 .30 73.38-280.84 
1975 77.72 1089.35 33.01 66.01 .42 11.71-143.73 
1976 27.78 43.10 6.57 13.13 .24 14.65-40.91 
1977 24.36 52.95 7.28 14.55 .30 9.81-38.91 
1978 37.01 56.04 7.49 14.97 .20 22.04-51.98 
1979 26.52 57.12 7.56 15.12 .28 11.40-41.64 
1980 50.18 202.65 14.24 28.47 .28 21.71-78.65 

lAdjusted from No. 36 "Yankee" trawl catches to equivalent No. 41 "Yankee" trawl catches 
using a 2.36:1 ratio (Sissenwine and Bowman 1978). 



Table 17 . Stratified mean catch per tow (numbers, linear) at age for silver hake from the Georges Bank stock from USA 
bottom trawl surveys in the spring (Strata 13-20) and autumn (Strata 13-23, 25). 

Age Total 
Year 0 II III IV V III VII VIII IX X+ 0+ 1+ II+ 

~ 

1973 6.01 20.42 8.88 1.01 .10 ' .09 .07 .02 36.60 36.60 30.59 
1974 12.68 1. 98 4.92 2.31 .35 22.24 22.24 9.56 
1975 2.14 17.27 5.68 1.56 .49 .03 .03 27.20 27.20 25.06 
1976 1.01 1.25 6.72 4.31 .33 .07 .02 13.71 13.71 12.70 
1977 1. 23 .43 19.10 14.46 .96 .08 .26 .06 36.58 36.58 35.35 
1978 .28 .60 2.77 8.00 5.53 .84 18.02 18.02 17.74 
1979 .92 1.82 1. 76 .76 1.47 1.59 .03 .01 8.36 8.36 7.44 
19801 .57 15.63 ·16.93 3.88 .89 1. 23 1. 21 .44 .18 40.96 40.96 40.39 
1981 1.59 40.99 40.99 

Autumn 

1973 9.15 1.00 4.25 1.86 .34 .18 .04 .01 .02 16.35 7.20 6.20 
1974 172.46 1.44 1. 98 .51 .12 .06 .01 .01 .02 .:. 176.61 4.15 2.71 
1975 68.46 2.22 3.54 2.41 .79 .19 .07 ,,03 .02 77.73 9.27 7.05 
1976 12.83 .18 .75 5.74 7.05 , .82 .28 .05 .08 27.78 14.95 14.77 
1977 16.82 .79 1.04 2.97 1. 75 .23 .05 .34 .38 24.37 7.55 6.76 
1978 26.70 1.13 1.83 2.21 2.38 1.87 .29 .06 .54 37.01 10.31 9.18 
1979 19.73 1. 95 1. 48 .38 2.48 .23 .21 .04 .01 .01 26.52 6.79 4.84 
1980 39.65 .40 2.06 5.45 1.12 .51 .28 .60 .07 .04 50.18 10.53 10.13 

1provisional estimate; survey age samples currently being analyzed. 



Table 18 . Estimation of F in 1980 for the Georges Bank silver hake fisheries. 

Year 
Fishinf effort 

1959 297 
1960 615 
1961 343 
1962 1,476 
1963 3,937 
1964 4,101 
1965 9,953 
1966 3,864 
1967 1,875 
1968 1,399 
1969 1,380 
1970 1,046 
19715 4,128 
1972 8,951 
1973 2, 753 
1974 4,418 
1975 2,766 
1976 994 
1977 1,401 
1978 495 
1979 110 
1980 79 

lExpressed as USA days fished. 

2Weighted mean'F for fully recruited ages. 

3Calculated from power curve relationship of fishing effort on fishing 

4 

mortality for 1959-1976: .4878 
Y = .0141X r = , .820. 

Values calculated from VPA were 1.331 and. 793 respectively. 

Fishing 2 
mortali ty 

.357 

.342 

.143 

.436 

.712 
1.192 
1.275 

.646 

.591 

.476 

.269 

.310 
1. 438 
1.217 

.604 

.853 

.805 

.960 . 
(.484,3 .. 4 
(.291j~,4 
(.140)~ 
(.119).) 

5 
Not used in calculation of power curve because F value appeared excessively 
high for the amount of fishing effort when compared to other years. 



Table 19. Fishing mortali ty rates for the Georges Bank silver hake stock derived from virtual popu lation I • 

analysis (M=.40). 

AGE 
---------------------------------------

YEAR 1 2 3 4 5 c) 7 B 9 10 U. :1.2+ 
-----------------

1 OOY. f~ECRUI THENT 
FISHING MO~TALITY MEAN F2 AGE 
-----------------

1n'j5 .013 .014 .149 .::';83 .B05 .517 .684 .699 ( .62(7)1 .629 4+ 
1956 .007 .019 .147 • 5:~0 .730 .467 .6c)4 .72"7 (.568)1 .568 4+ 
1957 .024 .026 .294 .751 .817 .532 • nl8 • (nO (.756)1 .756 4+ 
1958 .006 .018 .116 .45:3 .505 .268 .481 .691 ( .469)1 .469 4+ 
1959 .004 .016 .142 .299 .5"71 .:338 .270 .516 <.:557)1 .:357 4+ 
1960 .001 .016 .157 .324 .335 .479 .540 .367 <.342)1 .342 4+ 
1961 <.001 .005 .068 .148 .132 .089 .31.1 .296 (,143)1 .143 4+ 
1962 .001 .015 .156 • 45:~ .471 .220 .324 .(,,70 .231 .436 4+ 
1963 .006 .030 .350 .807 .637 .250 .248 .403 1.204 .216 .712 4+ 
1964 .001 .046 .339 1.097 1.367 1.150 1.469 2.209 1.530 (:I. .1921( 1.19:?)1 1.1'"12 4+ 
1965 .034 .:1.58 1.052 1 • 8!':i6 1.002 .655 .716 .678 .81.9 .280 1.275 3+ 
1966 .034 .340 .540 .870 .754 .4(74 .759 1.563 .517 (.646r (.646)1 .646 3+ 
1967 .009 .035 .462 .796 • 5~~O .327 .256 .538 (.59:1.)1 .228 .591 3+ 
1968 .003 .015 .427 .6:1.6 .535 .230 .260 .192 .387 ( .476)1 .476 3+ 
1969 .003 .042 .100 .175 .395 .231 .397 .577 .70:1. ( .2c,9t .269 4+ 
1970 .111 .100 .182 .335 .317 .238 .240 .198 .206 .1.26 .310 4+ 
1971 .006 .10'7 .975 1.830 1.760 1.574 1.677 2.29[' 2.2"73 1.454 .8138 1.438 :3+ 
1972 .168 .502 1.392 .992 .635 .611 .900 .9013 < 1 .217 )l( 1 .217 t ( 1 .217) \ 1 • 217)1 1.217 3+ 
1973 .024 .575 .714 .795 .27:3 .468 .408 • ~560 .330 - .604 2+ 
1974 .017 .309 .882 .696 .736 1.097 1.908 .406 .558 <.853)1 .853 :3+ 
1975 .052 .262 .648 1.293 1.5'"/3 2.196 ( • 805)1 (. 8 () 5 ) 1 ( • 8 0 ~i ) 1 (. 8(5) 1 .805 3+ 
1976 .031 .097 .609 1.823 1.314 .501 (.960r .960 3+ 
1977 .018 .452 1.515 1.155 .631 .851 <1.33:1. )1 1.331 3+ 
1978 .004 .253 .691 .980 .738 .50:3 ( .79~5)1 .793 3+ 
1979 .0'05 .022 .141 I .225 .204 .141 4 .141 "" I .164 3+ 
1980 .005 3 .026 3 ('120)1(.120)1i <.120)4(.1.20) ('1.20)~ (.120)~ .120 3+ 
---_._---

If-iean F for fully recruited ages in that year. 
2Weighted by stock size at age (Table 20 ). 
30etermined from assumed stock size and known catch. 
r~ Es tima ted. 



Table 20. Stock size estimates for the Georges Bank silver hake stock derived from VPJ\. 

AGE 
---------------------------------------

YEAR 2 3 4 5 I, 7 B 9 10 11 12+ 
---------------------------- ._-----------------------------------------------------------------------

AGE 1+ AGE 2+ 
STOCK SIZE (MILLIONS) TOTAL WGTl TOTAL ~J(ni 

---------------------
1955 339.3 277.5 218.0 105.1 31.0 8.6 4.1 1.7 t ~j 985.7 109.3 646.4 99.0 
1956 412.3 224.7 183.6 125.9 39.3 9. ;3 3.4 1.4 . ~) 1000.4 115.0 588.1 97.9 
1957 571.3 274.1 147.8 106.2 50.2 12.7 . 3.(7 1.2 .4 :1.167.8 104.9 596.5 92.7 
1958 883.4 373.6 179.2 73.8 :~3. 6 14.9 5.0 1.2 .3 1565.1 136.7 681.6 99.3 
1959 1304.6 589.0 246.1 106.9 31.5 12.5 7.6 2.1 .4 2300.7 195.3 996.1 135.4 
1960 1993.3 873.3 388.7 143.2 53.1 11.9 6.0 :L9 .8 3474.3 326.8 1481.0 1 ("19.6 
1961 2206.8 1339.4 575.9 222.6 69.4 2~5. 5 4.9 2.3 1.8 44413. 7 450.1 2241.9 304.5 
1962 2993.0 1514.7 894.0 360.8 1.28.8 40.8 15.l, 2.4 1.2 5951.2 650.13 29513.2 437.6 
1963 3256.6 2011.3 1000.3 512.8 153.9 53.9 21.9 7.6 .f] .b 7019.8 798.0 3763.2 54l,.8 
1964 1950.7 2167.2 1309.0 472.6 153.4 54.6 28.1 U.5 3.4 .2 .3 6150.9 736.4 4200.2 59~). 2 
1965 1117.6 1319.3 1387.9 625.2 105.8 26.2 11, .6 4.3 .8 .5 4599.3 560.0 3481.7 493.1 
1966 624.1 723.9 754.9 324.9 65.5 26.0 9.1 3.8 1.5 .2 .2 2534.2 305.0 1910.1 270.3 
1967 600.5 404.5 345.5 294.9 91.2 20.6 10.7 2.9 .,. 

• ,J .6 1771.9 21.4.7 :1,171.4 1,913.1 
1968 557.2 399.2 261.8 146.0 89.2 36.4 10.0 5 t~j 1.1. .3 1506.6 :1.84.9 949.5 150.6 
1969 513.4 373.0 263.6 114.5 52.8 35.0 19.4 5.2 :3.1 .5 1380.3 171.3 867.0 143.4 
1970 43b.4 343.6 239,.6 159.9 64.5 23.9 1[1.6 8.7 1.9 1.0 1298.2 166.9 8bi.8 140.3 
1971 672.5 261.8 208.3 134.0 7b.7 31.5 12.6 9.8 4.13 1.1 .6 1413.7 186.3 741..1 131.2 
1972 1153.3 448.9 157.7 52.7 14.4 8.8 4.4 :I. .6 .7 .3 .2 .2 1843.1 236.2 689.8 144.5 
1973 1038.6 653.3 182.2 26.3 13.1 5.1 3.2 1.2 .4 1923.4 277.0 8[14.8 1,57.7 
1974 875.5 679.8 246.4 59.8 B.O (It 7 2.1 1.4 .6 .2 1880.5 251.1 1004.9 199.1 
19'75 409.3 577.3 334.7 68.3 20.0 2.6 i.:':; ") .1( .. .6 .2 1414.7 217.3 1005.4 1.130.9 
1976 64.2 260.4 297.7 117.3 12.6 2.7 .2 755.2 133.5 690,r; 127. :3 
1977 48.2 41.8 158.3 108.5 12.7 2.3 1.1 372.9 80.7 324.7 "75.0 
1978 131.8 31.7 17.8 23.3 22.9 4.5 .6 232.7 33.6 101.0 25.6 
1979 (230)2 88.0 16.5 6.0 5.9 7.3 1.8 355.6 63.8 125.b 28.6 
1980 (100)2 153.4 5'7.7 9.6 3.2 3.2 4.3 1.1 332.5 40.7 23;,~. 5 32.1 
1981 (175)2 66.7 100.2 34.3 5.7 1.9 1.9 2.6 .7 31]9.0 47.4 214.0 :32.3 
----------------------------------------------------------
lAdjusted using ratios of observed/calculated catch (in thousands of tons). 
2Estimated. 



Table 21. Catch per tow (numbers) of age 1 silver hake from the Georges Bank stock 
in the spring (strata 13-20) and autumn (strata 13-23, 25) and year class 
size (millions of fish) at age 1 from VPA. 

Autumn Survey Spring survey VPA 
Year-class Age 1 Age 1 Age 1 

1973 1.44 12.68 875.5 
1974 2.22 2.14 409.3 
1975 .18 1.01 64.2 
1976 .79 1.23 48.2 
1977 1.13 .28 131.8 1 
1978 1.95 .92 (345.3)1 (122.0); 
1979 .40 .57 ( 86.0) ( 90.1)2 
1980 1.59 (172.6) 

1 
Calculated from power curve relationship between autumn survey catch per tow and 
VPA year class size for 1973-1977: 

X 
.877 

Y :: 192.184 £. , r :: .685 

2 
Calculated from power curve relationship between spring survey catch per tow and 
VPA year class size for 1973-1977: 

.634 
Y :: 128.637 X r :: . 714 



"Table 22. --Projected catch (age 1+) in 1982 from the Georges Bank silver hake stock with 
fishing mortality ranging from 0.05 to 1.00 and under three options of 1981 catch 
ranging from 1,000 to 5,000 tons. Resulting stock size (age 2+) in 1983 and 
the percentage change (by weight) from 1982 are also given. 

1981 catch = 1,000 tons 1981 catch = 2,000 tons 1981 catch = 5,000 tons 

% change in % change in % change in 
Fishing 1982 1982" stock from 1982 1983 stock from 1982 1982 stock from 
Mortality catch stock 1982 catch stock 1982 catch stock 1982 

.05 1.3 45.2 +3.4 1.3 44.3 +4.0 1.1 41.7 +6.1 

.10 2.6 43.9 +0.5 2.5 43.1 +1.2 2.2 40.5 +3.1 

.15 3.8 42.7 -2.3 3.6 41.9 -1.6 3.3 39.5 +0.5 

.20 4.9 41.5 -5.0 4.8 40.7 -4.5 4.3 38.4 -2.3 

.25 6.0 40.4 -7.6 5.8 39.6 -7.0 5.2 37.5 -4.6 

.30 7.1 39.3 -10.1 6.8 38.6 -9.4 6.2 36.5 -7.1 

.35 8.1 38.3 -12.4 7.8 37.6 -11.7 7.0 35.6 -9.4 

.40 9.1 37.3 -14.6 8.8 36.6 -14.1 7.9 34.8 -11.5 

.45 10.0 36.3 -16.9 9.7 35.7 -16.2 8.7 33.9 -13.7 

.50 10.9 35.4 -19.0 10.6 34.9 -18.1 9.5 33.2 -15.5 

.55 11.8 34.6 -20.8 11.4 34.0 -20.2 10.3 32.4 -17.6 

.60 12.6 33.7 -22.9 12.2 33.2 -22.1 11.0 31. 7 -19.3 
*.65 13.4 33.0 -24.5 13.0 32.5 -23.7 11.7 31.0 -21.1 

.70 14.2 32.2 -26.3 13.7 31.7 -25.6 12.4 30.3 -22.9 

.75 14.9 31.5 -27.9 14.4 31.0 -27.2 13.0 29.7 -24.4 

.80 15.6 30.8 -29.5 15.1 30.4 -28.6 13.6 29.1 -26.0 

.85 16.3 30.1 -31.1 15.8 29.7 -30.3 -14.2 28.5 -27.5 

.90 17.0 29.5 -32.5 16.4 29.1 '-31. 7 14.8 27.9 -29.0 

.95 17.6 28 .. 9 -33.9 17.1 28.5 -33.1 15.4 27.4 -30.3 
1.00 18.2 28.2 -35.5 17.7 27.9 -34.5 15.9 26.9 -31.6 

*FO .1 



Table 23. Silver hake catch statistics from the Southern New England - f1iddle Atlantic stock1, 

Catch (to_!1s) USA I nterna t-j ana 1 
Year Bulgaria Cuba FRG GDR Japan Poland Romania Spain USSR USA USA Other Total catch/day effort as 

cormne rc i a 1 recreational {tons} USA days fished 

1955 12,412 2,743 15,155 
1956 13,390 2,959 16,349 
1957 15,390 3,400 18,790 
1958 12,039 2,660 14.699 
1969 15,398 3,402 18,800 
1960 8,151 1,8012 9.952 
1961 10,562 2,334 12,896 
1962 11,932 2,636 14,568 
1963 4,191 17,666 2,451 24,308 
1964 19,434 25,008 3,469

2 
47,911 6.90 6,944 

1965 68,493 20,998 2,711 92,208 5.68 16,234 
1966 126,211 9,840 1,365 137,416 4.60 29,873 
1967 22 41,242 8,493 1,178 50,935 -5.23 9,739 
1968 44 121 30.812 8,163 1,132 40,272 5.25 7,671 
1969 746 2 123 !)7,820 7,235 1,003 66,929 6.24 10,726 
1970 439 299 40 11 ,493 6,005 9502 19,226 7.66 2,510 
1971 621 70 24 432 21,714 4,989 692 28,542 4.85 5,885 
1972 1,629 474 16 101 127 27,146 5,552 770 35,815 6.22 5,758 
1973 668 1 15 268 92 45 57,928 6,098 846 65,961 4.77 13,828 
1974 1,792 2 64 70 125 49,175 7,200 1,075~ 59,503 4.29 13,870 
1975 896 212 8 16 19 32,241 8,278 197 44 41,911 5.26 7,968 
1976 33 92 1 9 113 414 15,780 9,511 1,7062 27,661 6.61 4,185 
1977 114 269 35 83 12 13 13,943 9,452 3,9482 11 27,880 7.65 3,644 
1978 268 17 9,868 11 ,405 4,000 611 26,169 8.40 3,115 
1979 562 45 358 2,215 12,974 3~000 708 19,862 7.63 2,603 
1980 48 338 257 11,483 3,000 330 15,456 5.98 2,585 

11~on-USA catches before 1968 are estimated. 
2From angler survey; remaining years estimated (see text), 



Table 24. Silver hake catch at age (millions of fish) from the Southern New England - Middl~. 
Atlantic stock (+ denotes less than 0.1 million). 

Age 
Observed Cal cul atfd Obs 

Year 0 1 2 3 4 5 6 7 8 9 10 11 12+ Total weight weight calc 
" 

1955 0.4 19.8 10.9 22.7 24.5 9.9 2.1 0.8 0.3 0.1 + ..;. 91.5 15,155 15,696 .966 
1956 68.5 51.7 22.7 16.9 6.0 1.4 0.8 0.2 0.1 + + 168.3 16,349 16,536 .989 
1957 2.8 25.6 36.1 26.1 11.1 3.0 1.2 0.4 0.1 + + + 106.4 18,790 19,843 .947 
1958 23.5 31.8 28.4 17.8 6.2 1.6 0.8 0.2 + + + 110.3 14,699 15,457 .951 
1959 13.8 13.4 42.8 28.8 10.2 2.3' 0.8 0.2 + + + + 112.3 18,800 20,025 .939 
1960 13.7 19.3 14.2 11.9 5.5 1.8 1.0 0.4 0.1 + + + 67.9 9,952 10,363 .960 
1961 0.5 6.3 27.0 22.1 5.7 1.5 1.'0 0.4 0.2 + + + 64.7 12,896 13,788 .. 935 
1962 0.6 6.4 29.0 27.0 7.2 1.5 0.8 0.4 0.2 0.1 + + 73.2 14,568 15,106 .964 
1963 5.7 24.3 46.8 43.0· 13.6 2.0 . 0.5 0.2 O. 1 + + 136.2 24,308 26,189 .928 
1964 26.2 39.4 '·106.3 82.4 26.1 4~5 1.8 0.5 0.4 0.2 + 287.8 47,911 49,493 .968 
1965 22.7 66.8 253.2 160.5 31.2 8.4 3.8 1.3 0.4 0.1 + + 548.4 92,208 95,227 .968 
1966 8.6 216.8 332.1 192.4 61.0 19.8 8.6 3-.5 0.9 0.1 + + '843.8 137,416 141,433 .972 
1967 13.6 27.5 118.4 106.6 22.2 4.5 1.7 0.7. 0.2 + + + 295.4 50,935 52,485 .. 970 
1968 9.6 23.2 96.1 64.8 iO.3 8.8 3.9 1.2 0.6 0.1 + + 228.6 40,272 43,546 .925 
1969 1.5 20.4 120.5 10B.5 40.1 10.2 9.1 3.5 1.6 0.1 0.1 - 315.6 66,929 77,721 .861 
1970 31.8 11.0 10.3 22.5 18.3 5.3 4.3 2.4 0.9 0.2 + 0.1 107.1 19,226 19,940 .964 
1971 7.5 35.0 50.5 26.6 B.O 3.7 5.9 5.4 2.8 1.0 0.3 + 146.7 28,542 28,968 .985 
1972 0.1 52.5 ,B2.4 41.8 13.1 1.7 0.5 0.4 0.1 + + 192.6 35,B15 40,237 .890 
1973 0.1 64.3 173.B 75.5 24.6 3.7 0.9 ,0.5 0.1 + 343.5 65,961 69,672 .947 
1974 + 1B.2 136.7 78.0 32.2 3.0 1.4 1.3 0.3 0.3 + 271.4 59,503 59,840 .994 
1975 4 .. 6 39.0 90.3 34.4 10.5 1.6· 0 .. 1 180.5 41,911 42,348 .990 
1976 0.2 7 .. 6 75,,7 3B.4 14.1 3.4 0.6 0.1 140.1 27,661 27,985 .988 
1977 2.6 21.6 41.5 17.2 5.2 1.7 0.9 + 90.7 27,880 25,491 1.014 
1,978 1.3 31.2 21.0 21 .4 7. 1 2. 1 0'.8 + + 84.8 26, 169 26,111 '1 .002 
1979 10.7 28.2 15.3 6_7 7.2 2.2 0 .. 6 0.1 71.0 19,862 19,915 .977 
1980 14.0. 26.1 1B .. 1 9.2 2.7 1.7 1.1 0.3 0.1 73.3 16,844 15,456 .918 

1Using mean wts at age from Table 25 . 



Tab)e 25. Mean weights (kg) at age of silver hake catches from the Southern 
New England - Middle Atlantic Stock. 

Age 

Year 0 1 2 3 4 5 6 7 8 9 10 11 12+ 

1955 .003 .044 · 101 · 162 .222 .307 .422 .508 .662 .762 1.396 .783 
1956 .034 .074 .154 .223 .316 .438 .496 .664 .777 1.232 1.396 .782 
1957 .062 .085 .157 .224 .326 .465 .512 .683 .782 1.152 1.553 .]81 
1958 .060 .088 · 152 .215 .310 .409 .490 .682 .818 1.254 1.369 .782' 
1959 .035 · 105 .156 .227 .333 .439 .485 .629 .658 .782 
1960 .047 .074 · 159 .216 .317 .445 .547 .702 .904 1.098 1.383 .787 
1961 .077 .106 .166 .219 .335 .498 .586 .832 .920 1.177 .786 
1962 .067 .107 · 157 .215 .305 .444 .605 .822 1.007 1.468 1.374 .783 
1963 .076 .101 .171 .228 .312 .407 .485 .645 .622 1.211 1.388 .790 
1964 .056 · 107 .149 .204 .287 .387 .500 .796 1.007 1.141 1. 369 .781 
1965 .060 .103 · 152 .199 .304 .440 .537 .672 .845 1.259 1.377 .784 
1966 .058 .087 .141 .207 .313 .446 .523 .628 .765 1.111 1.397 .793 
1967 .035 .098 · 151 .200 .300 .423 .531 .694 .820 1.406 1.633 .787 
1968 .045 .097 · 1,38 .193 .315 .459 .556 .788 .865 1.029 1.480 1.252 
1969 .070 · 112 · 191 .246 .313 .405 .527 .697 .915 1.095 1. 335 
1970 .042 .079 .166 .213 .270 .348 .448 .607 .832 .958 1.157 1.240 
1971 .053 .093 .148 .195 .271 .327 .450 .596 .741 1.024 1. 013 1.249 
1972 .022 . 100 .215 .269 .344 .481 .643 .647 1.201 .889 1.359 
1973 .018 .09] · 179 .272 .390 .459 .584 .485 1.119 .548 1.595 
1974 .020 .076 .178 .241 .362 .460 .599 .638 1.144 .929 1.297 
1975 .114 · 150 .207 .336 .458 .534 .593 
1976 .012 .064 .169 .218 .306 .479 .511 .823 
1977 .126 .177 .265 .346 .513 .671 .648 1.491 
1978 . 115 .207 .286 .392 .422 .655 .974 .702 1.885 
1979 .139 .218 .291 .349 .527 .532 .666 1.253 1.620 -
1980 .109 .205 .-262 .323 .342 .417 .417 .378 .496 



Table 26. Stratified mean catch (kg, linear) per tow of silver-hake from 
the Southern New England-Middle Atlantic stock from USA bottom 
trawl surveys in the spring and autumn (strata 1-12) with 
accompanying estimates of precision. 

Standard S. D. Mean + No. of 
Year Mean Variance deviation 2 S.D. Mean 2 S.D. Tows 

SQring 

1968 1 74.49 8.63 17.26 .50 .11-34.63 53 17.371 1969 9.021 4.30 2.07 4.15 .23 4.87 -13.17 58 
1970 3.971 .40 .63 1.26 .16 2.71-5.23 70 
1971 8.81 1 3.07 1.75 3.50 .20 5.31-12.31 64 
1972 5 .. 46 .90 . 95 1.90 .17 3.56-7 . 36 66 
1973 7.21 .82 .91 1.81 .13 5.40-9.02 90 
1974 10.35 4.33 2.08 4.16 .20 6.19-14.51 55 
1975 19.08 12.93 3.60 4.19 .19 11.89-26.27 60 
1976 12.17 17.15 4.14 8.28 .34 3.89-20.45 61 
1977 7.18 1.02 1.01 2.02 .14 5.16-9.20 59 
1978 11.31 9.67 3.11 6.22 .27 5.09-17.53 62 
1979 4.59 1.70 1.30 2.60 .28 1.98-7.20 72 
1980 3.92 .85 .92 1.84 .24 2.08-5.76 113 
1981 6.35 1.06 1.03 2.06 .16 4.29-8.41 54 

Autumn 

., 

1963 5.22 2.67 1.63 3.27 .31 1.95-8.49 45 
1964 5.66 .73 .85 1.71 .15 3. 95-7.37 49 
1965 7.61 1.17 1.08 2.16 .14 5.45-9.77 50 
1966 3.59 .40 .63 1.26 . 18 2.33-4.85 52 
1967 4.42 1.51 1.23 2.46 .28 1.96-6.88 65 
1968 4.76 .62 .79 1.57 .17 3.19-6.33 62 
1969 2.30 .13 .36 .72 .16 1.58-3.02 66 
1970 2.59 .. 12 .35 .69 .13 1.90-3.28 63 
1971 4.60 .74 .86 1.72 .19 2.88-6.32 71 
1972 3.99 1.84 1.36 2.71 .34 1.28-6.70 64 
1973 3.20 .47 .69 .1.37 .21 1.83-4.57 59 
1974 1.36 .07 .26 .53 .19 .83-1.89 58 
1975 2.77 .21 .46 .92 .17 1.85-3.69 60 
1976 3.92 .31 .56 1.11 .14 2.81-5.03 61 
1977 3.10 .52 .72 1.44 .23 1.66-4.54 57 
1978 4.63 .84 .92 1.83 .20 2.80-6.46 85 
1979 3.44 .15 . 39 .77 .11 2.67-4.21 89 
1980 3.07 .64 .80 1.60 .26 1.47-4.67 56 

1Adjusted from No. 36 uYankee" trawl catches to equivalent No. 41 IIYankee" trawl 
catches using a 1.61.1 ratio (Sissenwine and Bowman, 1978). 



Tab"le 27. Stratified mean catch (nwnbers, linear) per tow of slIver hake from the 
Southern New England - Middle Atlantic stock from USA bottom trawl surveys 
in the spring and autumn (strata 1-12) with accompanying estimates of 
precision. 

Standard S.D. Mean.±.. 
Year Mean Variance deviation 2 S.D. Mean 2 S.D. 

Spring 

1968 136.711 6486.11 88.58 167.17 .61 30.66 - 303.88 
1969 53.76 1 197.53 14.05 28.11 .26 25.65 - 81.87 
1970 55.34 1 129.32 11.37 22.74 .21 32.60 - 78.08 
1971 71.37 1 415.58 20.39 40.77 .29 30.60 - 112.14 
1972 27.29 1 30.44 5.52 11.03 .20 16.26 - 38.32 
1973 65.54 88.43 9.40 18.81 .14 46.64 - 84.26 
1974 169.09 1494.18 38.65 77.31 .23 91.78 - 246.40 
1975 170.98 1516.91 38.95 77.90 .23 93.08 - 248.88 
1976 83.93 885.55 28.91 57.81 .34 26.12 - 141.74 
1977 35.95 35.54 5.96 11.92 .17 24.03 - 47.87 
1978 44.47 92.10 9.60 19.19 .22 25.28 - 63.66 
1979 41.71 86.04 9.28 18.55 .22 23.16 - 60.26 
1980 32.80 65.57 8.10 16.20 .25 16.60 - 49.00 
1981 40.68 44.44 6.67 13.33 .15 31.11 - 57.77 

Autumn 

1963 42. 76 94.91 9.74 19.48 .23 23.28 - 62.24 
1964 45.17 33.02 5.75 11.49 .13 33.6-8 - 56.66 
1965 96.14 182.97 13.53 27.05 .14 69.09 - 123.19 
1966 190.26 5482.68 74.05 148.09 .39 42.17 - 338.35 
1967 28.95 19.48 4.41 8.83 .15 20.12 - 37.78 
1968 131.38 1979.70 44.49 88.99 .34 42.39 - 220.37 
1969 37.83 67.10 8.19 16.38 .22 21.45 - 54.21 
1970 56.58 166.55 12.91 25.81 .23 30.77 - 82.39 
1971 98.52 4708.54 68.62 137.24 . 70 38.72 - 235.76 
1972 107.90 1913.30 43.74 87.48 .41 20.42 - 195.38 
1973 36 ~ 15 89.68 9~47 18.94 .26 17.21 - 55.09 
1974 117.04 1941.38 44.06 88.12 .38 28.92 - 205.16 
1975 70.96 727.27 26.97 53.94 .38 17.02 - 124.90 
1976 168.82 4386.71 66.23 132.46 .39 36.36 - 301.28 
1977 106.50 1214.80 34.85 69.71 .33 36.79 - 176.21 
1978 104.38 500.39 22.37 44.74 .21 59.64 - 149.12 
1979 40.37 61.76 7.86 15.72 .19 24.65 - 56.09 
1980 53.23 201.45 14.19 28.39 .27 24.84 - 81.62 

lAdjusted from ~o. 36 "Yankee" trawl catches to equivalent No. 41 "Yankee" trawl catches 
using a 2.36:1 ratio (Sissenwine and Bowman 1978) . 



Table ~8. Stratified mean catch (numbers, linear) per tow at age for silver hake from the Southern New England-
Middle Atlantic stock from USA bottom trawl surveys ;n the spring and autumn (Strata 1-12). 

Age Total 
Year 0. II III IV V VI VII VIII IX X+ 0.+ 1+ II+ 

~ 

1973 29.0.7 21.56 10..29 3.69 ' .57 .14 .13 .0.5 .0.4 65.54 65.54 36.47 
1974 125.71 11.38 17.48 9.36 3.42 1.30. .37 .o.B 169.0.9 169.0.9 43.39 
1975 81.67 24.75 47.91 12.38 3.55 .51 .21 170..98 170..98 89.31 
1976 35.59 19.48 18.89 7.29 2.12 .36 .20. 83.93 83.93 48.34 
1977 9.92 5.29 11.87 5.67 1. 75 .82 .53 .10 35.95 35.95 26.0.3 
1978 6.46 13.74 7.87 9.85 4.69 1.60. .14 .12 44.47 44.47 38.0.1 
1979 28.89 3.0.8 4.0.2 2.24 2.40. .88 .20. 41.71 41. 71 12.82 
1980.1 18.49 6.43 3.51 1.86 .76 .91 .63 .15 .0.6 32.80. 32.80. 14.31 
1981 16.85 40..68 40.,68 

Autumn 

1973 19.95 5.86 6.33 2.87 .74 .37 .0.2 .0.1 36.15 16.20. 10..34 
1974 105.44 8.21 2.37 .81 .11 .0.2 .0.5 .0.3 117.0.4 11.60. 3.39 
1975 56.89 7.29 3.0.3 1.91 1.0.1 .54 .29 70..96 14.0.7 6.78 
1976 152.78 2.44 6.0.9 4.25 2.35 .71 .17 .0.3 168.82 16.0.4 13.60. 
1977 93.98 5.46 2.38 3.46 .71 .35 .16 106.50. 12.52 7.0.6 
1978 77 .89 12.98 6.91 3.33 2.20. 1.0.5 .30. .19 10.4.85 26.96 13.98 
1979 25.90. 4.68 4.19 2.68 1.20. .88 .72 .0.9 .0.3 40..37 14.47 9.79 
1980. 39.70. 6.0.3 2.56 2.35 1.63 .52 .21 .23 53.23 13.53 7.50. 

Iprovisional estimate; survey age samples currently being ~nalyzed. 



Table 29. Estimation of F in 1980 for the Southern New England-Middle 
Atlantic silver hake fishery. 

Year 
Fishini 
effort 

-1964 6,944 
1965 16,234 
1966 29,823 
1967 9,739 
1968 7,671 
19695 10,726 
1970 2,510 
1971 5,885 
1972 5,758 
1973 13,828 
1974 13,870 
19755 7,963 
1976 4,185 
1977 3,644 
1978 3,115 
1979 2,603 
1980 2,585 

lExpressed as USA days fished. 

2weighted mean"P for fully-recruited ages. 

Fishing 
nprtali ty2 

.488 

.509 

.797 

.472 

.395 
1.055 

.501 
1.074 

.626 

.745 

.771 
1.084 

.477 

.503 3 4 
( . 465) , 
(.449)3,4 
( .449) 3 

3 Calculated from a power curve relationship of fishing effort on" fishing 
mortality for 1964-1977: 

y = .102X· 188 , r = .589 
4 

Values calculated from VPA were .609 and .421 respectively. 
5 
Not used in calculation of power curve relationship because F values appeared 
excessively high for the amount of fishing effort in comparison to other years. 



YEAR 

Tahle 30, Fishing mortality rates for the Southern New England-Middle Atlantic si lver hake stock derived 
from virtual population analysis eM=, 40). 

AGE 
----------------------------------------~--------------------------------------------

1 2 3 4 C' 6 7 8 9 10 11 12+ ,.1 

------------------------------------------------------------------------------------------------------------
1007- RECRUITMENT 

FISHING MOBTALITY MEAN F2 AGE 
-----------------

1955 .061 .072 .282 .761 .910 .546 .742 .557 ( .778 J 1 .778 4+ 
1956 .231 .278 .263 .445 .544 .384 .533 .533 (.465)1 .465 4+ 
1957 .011 .157 .404 • '709 .785 .767 .888 ( .737)1 ( .737) 1 .737 4+ 
1958 .088 .211 .328 .455 .460 .302 .618 ( .447)1 .447 4+ 
1959 .033 .082 .626 .859 .671 .392 .305 .388 .745 4+ 
1960 .026 .073 .145 .451 .498 .294 .373 .309 ( .435) 1 .435 4+ 
1961 .001 .018 .171 .443 .521 .306 .333 • ~51 ~i .315 .439 4+ 
1962 <.001 .012 .133 .325 .317 .315 .336 .269 ( .322) 1 ( • ;522)1 .322 4+ 
1963 .003 .028 .144 • :375 .340 .169 .204 .162 .123 .349 4+ 
1964 .017 .036 .207 .512 .52B .224 .282 .410 .724 ( .488)1 .488 4+ 
1965 .021 .068 .431 .712 .475 .408 .378 .431 .903 ( .509)1 .509 3+ 
1966 .012 .349 .711 .919 .881 .842 1.371 .966 (.797)1(.797)1 .797 3+ 
1967 .032 .058 .415 .686 .307 .173 .190 .457 .154 .472 3+ 
1968 .052 .085 .365 .542 .333 .239 .280 .248 1.2E12 .132 .395 3+ 
1969 .008 .185 1.101 1.278 1.059 .351 .534 .559 .799 1.0::-;6 .236 1.055 3+ 
1970 .119 .08,7 .166 .830 1.067 .4'76 .308 • 3~!7 .341 .264 ('50U 1 .501 :3+ 
1971 .016 .232 .927 1.125 1.137 .864 2.906 ( 1 • 074 )l( 1 • 074 ) ~ 1 • 0'74 )l ( 1 • 074 )l 1.074 3+ 
1972 .086 .300 .617 .896 .228 .227 .256 ( .626)1 .626 3+ 
1973 .120 .578 .640 1.318 .942 .226 .474 .116 .745 3+ 
1974 .062 .511 .73c) .837 .708 1.954 (. 77U1 (.771)1 (. 77U1 .771 3+ 
1975 .013 .227 1.039 1.222 1.005 1 .595 (1.084) 1 1.084 3+ 
1976 .054 .393 .463 .565 .449 .164 <.477)1 .477 3+ 
1977 .016 .268 .499 .500 .542 .548 ( .503) 1 .503 3+ 
1978 .009 .335 .581 .682 .510 .567 .712 .609 3+ 
1979 .054 3 .324 .343 .471 .675 .369 .397 .21.9 .421 3+ 
1980 .080 3 .220 3 (.450)4 (.450,4 (.45(»4 (.450) 4( .450)4 (.450)11 (.4~.'iO)4 .450 3+ 

------------------------------------------------------------------------------------------------------------
l~jean r for fully recruited ages in that year. 
2Weighted by stock size at age (Table 31). 
30etermined from assumed stock size and knOll'll catch. 
4Estimated. 



Table 31· Stock size estimates for the Southern New England-Middle Atlantic silver hake stock derived from VPA. 

---.------ ... 

AGE 
-------------------------

YEAR 1 2 3 4 r.:o 
.,1 6 7 8 9 10 11 12+ 

-------------------------------------------------------------------------------------------------------------------------
AGE 1+ AGE 2+ 

STOCK SIZE (MILLIONS) TOTAL WGT 1 TOTAL WGT 1 

---------------------
1955 406.2 189.5 111.1 54.4 19.5 5.9 1.8 .8 . ~~ 789.5 74.6 31:13.4 57.3 
1956 4()0.2 256.2 118.2 56.2 17.0 5.3 2.3 .6 .3 856.3 72.0 456.1 58.5 
1957 303.8 213.0 130.1 60.9 24.1 6.6 2.4 .9 . :~ 742.1 79.5 43~1. 3 61.7 
1958 :n6.1 201.4 122.0 58.2 20.1 7.4 2.1 .7 748.0 75.8 411.9 56.f.> 
1959 511.9 206.2 109.3 59.0 24.8 8.5 3.7 .'7 924,.1 79.1 412.2 62.3 
1960 652.8 332.0 127.4 39.2 16.'7 8.5 3.9 1.8 .:3 1182.6 92.9 529.7 63.4 
1961 948.3 426.6 206.9 73.9 16.7 6.8 4.2 1.8 .9 1686.1 170.7 '737.8 102.4 
1962, 1549.4 637.5 280.9 116.8 31.8 b.'7 ~~. 4 2.0 .9 .4 2629.8 248.5 1080.4 148.5 
196312002.t /1051.6, I 422.4, 1164.8, ' 5(.).61 I ,15.5. i 3.3 1.6, I 1.01 I - \ I - 1 I - I 3718.9 366.9 1716.8 :~25. 7 
1964 1874.9 1338.6 685.2 245.3 75.9 2'7.0 8.8 1.8 .9 .6 4259.0 424.5 2384.1 322.8 
1965 1344.1 1235.0 865.3 373.4 98.5 30.0 14.5 4.4 .8 .3 3966.4 453.4 2622.3 3'75.3 
1966 897.5 882.2 773.8 377.0 122.8 41.1 13.4 6.6 1.9 .2 3116.5 374.6 2219.1 324.0 
1967 528.8 595.1 41'1.1 254.8 100.9 34.1 11.9 2.3 1.7 1946.5 237.4 1417.7 219.4 
1968 229.0 343.4 376.5 184.6 86.0 49,'7 19.2 6.6 1.0 1.0 1,297.0 183.0 1068.() 1'7:5.5 
1969 24().6 145.7 211,.4 1'75.2 72.0 41.:3 26.2 9.7 3.4 .2 .6 926.4 154.9 685.7 140.4 
1970 341.6 160.0 81.2 4'7.1 32.7 16.7 19.5 10.3 3.'1 1.0 .3 714.3 81.3 372.'7 67.5 
1971 578.7 203.2 98.4 46.1 13.8 7 C' ,J 7.0 9.6 5.0 1.8 . ~:; 971.6 90.5 392.9 60.3 
1972 766.6 ~m2,0 108.0 26.1 10.0 3.0 2.1 .3 1298.0 182.4 531.5 114.2 
1973 685.9 471.3 189.7 39.1 7. j, 5.4 1.6 1.1 1401.2 209.2 715.3 150.1 
19'74 367.4 407.7 177.3 67.0 7.0 1.9 2.9 .'7 .7 10:32.5 1'73.3 665.0 1.45.6 
1975 421.3 231.5 164.0 56.9 19.5 2. :~ • ~! - 895.6 144.6 474.3 97.1 
1976 174.2 278.8 123.7 38.9 11.2 4.8 .3 632.0 104.0 457.8 92.9 
1977 199.5 il0.7 126.1 52.2 14.8 4.8 2.'7 510.8 110.3 311.3 84.8 
1978 184.4 131.6 56.8 51.4 21.2 5.8 1.9 452.9 99.6 268.6 78.3 
1979 ( 250) 2 122.4 63.1 21.3 17.4 8.5 ~!. 2 .6 485.6 98.7 235.6 66.3 
1980 <22(» 2 158.8 59.4 30.() 8.9 5.9 4.0 1.0 .3 488.3 82.1 268.3 (,0.1 
1981 (220)2136.1 85.4 25.4 1 ;,~. 8 3.8 2.5 1. '7 .4 .1 488.2 82.9 268.2 (,0.9 
------------------------------------------------------------------------------------------------------
1 Adjusted using ratios of observed/calcul ated catch (in thousands of tons). 
2Estimated. 



Table 32· Catch per tow (numbers) of age 1 silver hake from the Southern New 
England - Middle Atlantic stock from USA spring bottom trawl surveys 
(strata 1-12) and year class size (millions of fish) at age 1 from 
VPA. 

Spring s.urvey VPA 
Year class Age 1 Age 1 

1973 125.71 367.4 
1974 81.67 421.3 
1975 35.59 174.2 
1976 9.92 199.5 
1977 6.46 184.4 
1978 28.89 1 (248.8) 1 
1979 18.49 (221.6) 

1 

1980 16.85 (216.3)1 

Calculated from power curve relationship between spring survey catch per tow 
(age 1) and VPA year class size for 1973-1977: 

Y = 103.973 X .259 r = .804 



Table 33. Projected catch (age 1+) in 1982 from the Southern New England - Middle 
Atlantic silver hake stock with fishing mortality ranging from 0.05 to 1.00 
under three options of catch in 1981. Resulting stock size (age 2+) in 1983 
and the percentage change (by weight) from 1982 are also given. 

1981 Catch = 10,000 tons 1982 Catch = 15,000 tons 1981 Catch = 20,000 tons 

% change in % change in % change in 
Fishing 1982 1983 stock from 1982 1983 stock from 1982 1983 stock from 
Mortality catch stock 198'2 catch stock 1982 catch stock 1982 

.;05 2.6 84.7 +14.0 2.4 80.9 +16.9 2.2 77.2 +20.4 

.10 5.0 82.2 +10.6 4.7 78.7 +13.7 4.3 75.1 +17.2 

. 15 7.4 79.9 +7.5 6.9 76.5 +10.5 6.3 73.1 +14.0 

.20 9.7 77.6 +4.4 9.0 74.4 +7.5 8.3 71.1 +10.9 

.25 11.9 75.4 +1.5 11.0 72.3 +4.5 10.1 69.2 +8.0 

.30 14.0 73.3 -1.3 13.0 70.4 +1.7 11.9 67.4 +5.1 

.35 16.0 71.3 -4.0 14.9 68.5 -1.0 13.7 65.7 +2.5 

.40 18.0 69.4 -6.6 16.7 66.7 -3.6 15.4 64.0 -0.2 

.45 19.9 67.5 -9.2 18.4 64.9 -6.2 17.0 62.3 -2.8 

.50 21.7 65.7 -11.6 20.1 63.3 -8.5 18.6 60.8 -5.1 
*.55 23.5 64.0 -13.9 21.8 61.6 -11.0 20.1 59.3 -7.5 

.60 25.2 62.3 -16.2 23.4 60.1 -13.2 21.6 57.8 -9.8 

.65 26.8 60.7 -18.3 24.9 58.6 -15.3 23.0 56.4 -12.0 

. 70 28.4 59.2 -20.3 26.3 57.1 -17.5 24.3 55.1 ':'14.0 

.75 29.9 57.7 -22.3 27.8 55.7 -19.5 25.7 53.7 -16.2 

.80 31.4- 56.3 -24.2 29.1 54.4 -21.4 26.9 52.5 -18.1 

.85 32.8 54, .. 9 -26.1 30.5 53.1 -23.3 28.2 51.3 -20.0 

.90 34.2 53.5 -28.0 31.7 51.8 -25.1 29.3 50.1 -21.8 

.95 35.5 52.3 -29.6 33.0 50.6 -26.9 30.5 48.9 -23.7 
1.00 36.7 51.0 -31.4 34.2 49.4 -28.6 31.6 47.8 -25.4 

*FO .1 
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Figure 1. International catch, stock biomass (age 1+) from VPA and USA commercial catch-per-day from the 
Gulf of Maine silver hake stock. 
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Figure 2. Stratified mean catch per tow (kg) of silver hake from the Gulf of 
Maine stock from USA spring bottom trawl surveys (1968-1981). 



0 
~ 

~ 
~ 
......... 

I 
U 

~ u 
Z 
<! 
W 
:2: 
a 
w 
G: 

~ 
0:: 
l-
(f') 

36.0 . 

320 

28.0 

24.0 

200 

16.0 

120 -

8.0 

4.0 

20 

GULF OF MAINE 

AUTUMN SURVEYS 

t +250 
MEAN 

-250 

O~~--~~--~--~~--~~--~--~~--~~--~--~~--~~--~ 

1963 1965 1967 1969 1971 1973 1975 1977 1979 

YEA R 

Figure 3. Stratified mean catch per tow (kg) of silver hake from the Gulf of 
Maine stock from USA autumn bottom trawl surveys (1963-1980). 
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Figure 6.' Gulf of Maine silver hake spawning stock biomass (age 2+) during 1955-1980 and abundance at age 1 
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Figure 7. International catch, stock biomass (age 1+) from VPA and USA commercial catch-per-day from the 
Georges Bank silver hake stock. 
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Bank stock from USA spring bottom trawl surveys (1968-1981). 
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stock from USA autumn bottom trawl surveys (1963-1980). 
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Figure 13. International catch, stock biomass (age 1+) from VPA and USA commercial catch-per-day from 
the Southern New England-Middle Atlantic silver hake stock. 
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Figure 14. Stratified mean catch per tow (kg) of silver hake from the Southern 
New England-Middle Atlantic stock from USA spring bottom trawl 
surveys (1968-1981). 
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Figure IS. Stratified mean catch per t·ow (kg) of 511 ver hake from the Southern 
New England-Middle Atlantic stock from USA autumn bottom trawl 
surveys (1963-1930). 
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Figure 16. Relationship between fishing mortalIty from VPA and fishing effort 
expressed as USA days fished for the Southern New England-Middle 
Atlantic silver hake stock. 
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Figure 17. Relationship between year class size at age 1 from VPA and USA 
spring bottom trawl survey catch per tow at age 1 for the Southern 
New England-Middle Atlantic silver hake stock. 
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Figure 18. Southern New England-Middle Atlantic silver llake spawning stock biomass (age 2+) during 
1955-1981 and abundance at age 1 of the 1954-1980 year classes. 
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