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INTRODUCTION 

This report presents an assessment of the status of the red hake (Urophycis 

chuss) stock inhabiting the Southern New England-Middle Atlantic waters 

(ICNAF Subdiv. 5Zwand SA 6). The data utilized include USA and foreign 

commercial catches and estimated USA recreational catches for 1960-76, numbers

at-age catch data for 1968-76, and research vessel bottom trawl survey results 

for 1963-77. Estimates of stock size, fishing mortality, and recruitment for 

1968-77 are presented, and projections are made giving catch options in 1978 

and resultant stock sizes in 1979. 

CATCH 

Table 1 lists the commercial catch by country for 1960-76 and aleo includes 

estimates of the USA recreational catch for that period. 

Recreational catches of red hake have been small and have been taken 

primarily in the New York-New Jersey area. Various marine angler surveys 

provided estimates of the recreational catch in 1960, 1965, 1970, 1974, and 

1976. The ratio between recreational and USA commerical catch was 0.076 in 

1960, 0.026 in 1965, 0.089 in 1970, 0.088 in 1974, and 0.078 in 1976. Because 

of the fairly uniform relationship between recreational and USA commercial catch 

in the above years, these ratios were used to estimate recreational catch in 

the intervening years. Each of the above ratios was applied to the USA 

commercial catch in the preceding and succeeding two years; the mean of the 1970 

and 1974 ratios was used for 1972, and the mean for 1974 and 1976 was used for 

1975. Estimated recreational catches ranged between 94 and 892 tons during 

1960-76 and averaged 426 tons per year. 
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USA commercial catches increased from about 4,200 tons in 1960 to 32,600 tons 

in 1964, collapsed to 3,600 tons in 1966, and have remained between 2,000 and 6,500 

tons since, averaging 3,900 tons per year. Most of the USA catch has been processed 

as fish meal and oil, and the abrupt drop from 24,800 tons in 1965 to 3,600 tons 

in 1966 (Table 1) resulted largely from the lack of a market following closure of 

a major processing facility. 

The USSR fishery began in 1963 with catches increasing rapidly from 770 tons 

in that year to 57,400 tons in 1966. USSR catches fluctuated considerably during 

the next 10 years (Table 1), declining to 8 9 700 tons in 1968, increasing to 

44,900 tons in 1969, dropping to 5,500 tons in 1970, increasing again to 37,600 

tons in 1973, and then declining steadily to 7,100 tons in 1976. 

Total catches increased from 4,500 tons in 1960 to a peak of 61,200 tons in 

1966 and then followed the same pattern of fluctuation as described for the 

USSR catches, declining ultimately to 11,400 tons in 1976 (Table 1, Figure 1). 

During 1966-76, the USSR catches averaged about 80% of the total each year. 

ICNAF total allowable catch (TAC) was 40,000, 5~000, and 45,000 tons for 

1973, 1974, and 1975, respectively (for ICNAF Div. 5Z west of 690W and SA 6) 

and 16,000 tons for 1976. An optimum yield (OY) of 28,000 tons was set by the 

USA for 1977, with 7,000 tons designated as the capacity of the USA commercial 

fishery, 600 tons estimated as the capacity of the recreational fishery, and 20,400 

tons allocated as the total allowable level of foreign fishing (TALFF). 

The 1977 open season and area for directed foreign hake fishing extended 

through March, during which time 2,435 tons was taken by the USSR and Cuba. 

The USA commercial catch was assumed to be 4,000 tons in 1977 which was about 

the same level as in 1976, and the 1977 recreational catch was assumed to be 500 

tons, compared to 307 tons in 1976. The total 1977 catch, for the purposes 

of this assessment, was assumed to be 6,935 tons, a 39% decrease from 1976 and 
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the lowest since 1960. 

CATCH COMPOSITION 

Numbers-at-age catch data were calculated for 1968-76 (Table 2) using 

USSR and USA commercial length frequency data, USSR commercial age/length 

keys and USA survey age/length keys. Previous examination of USSR red hake 

age/length keys (Anderson 1974) indicated serious discrepancies resulting 

from possible ageing errors, insufficient sample sizes, or biased sampling designs. 

An attempt to correct for these discrepancies was made by pooling the USSR 

age/length keys over years. The pooled USSR keys were used for 1968-72 and 

the USA keys were used for 1973-76. 

Ages 2 and 3 comprised the bulk of the catch in most years, except 1968-69 

and 1973 when ages 3 and 4 were predominant (Table 2). Age 3 was the predominant 

age-group in all years except 1971 and 1975-76 when age 2 was greatest. In 1975-76, 

39% of the catch by number was age 2 fish and 68% was age 2 and 3 fish. The 

proportion of fish in the catch at age 2 in 1976 (47~was greater than in any 

other year. 

Calculated mean weights at age for the 1968-76 catches are given in Table 

3. These values were generated by the application of a length-weight equation 

to the length frequency data of the catches. The accurancy of these values 

was examined by applying them to the numbers at age in Table 2 to obtain 

calculated catches (tons), which were compared with the observed catches. Ratios 

between observed and calculated catches varied between 0.887 and 1.042 and 

averaged 0.990. The 1976 mean weights ~nadjusted) were employed in the projec

tions of 1977-78 catch and stock size. 
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ABUNDANCE INDICES 

There are no commercial catch-per-effort indices for this stock at the 

present time. Previously there was an index developed from the USA industrial 

fishery but a lack of data in recent years forced its discontinuation. The 

current lack of a catch-per-effort index stems basically from the difficulty of 

defining USA directed red hake effort since most red hake are caught in a 

mixed fishery situtation. As described by Anderson and Almeida (1978), directed 

red hake effort was also unavailable from the USSR fishery because of the general 

inability to distinguish in the statistics the amount of effort directed towards 

a single species, particularly red hake. 

The USA autumn bottom trawl survey catch-per-tow index exhibited a considerable 

amount of fluctuation during 1963-77 (Table 4, Figure 2), declining from 8.05 kg 

in 1963 to 2.67 in 1967, increasing to 6.62 in 1972, dropping to a low of 0.59 

kg in 1974, increasing to 4.34 in 1975, and then decreasing to 3.15 kg in 1977. 

The spring survey catch-per-tow index increased from 1.65 kg in 1969 to 5.55 in 

1972, decreased to 1.43 in 1975, increased sharply to 3.54 kg in 1976, and 

then dropped to a low of 0.93 in 1977 (Table 4, Figure 2). The autumn and 

spring indices exhibited similar year-to-year fluctuations beginning in about 

1971. However, neither index demonstrates a close relationship with the 

changes in stock size determined from virtual population analysis (VPA) (Figure 

1), except in terms of showing a stock build-up in the early 1970·s followed 

by a decline. Of the two, the spring index shows a closer correspondence to 

the results of the VPA. 

FISHING MORTALITY 

Fishing mortality (F) for fully-recruited ages in 1976 was estimated from 



-5-

a linear relationship between fishing effort and fishing mortality. Since 

directed red hake fishing effort was not available, an annual index of fishing 

effort was calculated by dividing total catch by catch-per-tow from the USA 

spring bottom trawl survey (Table 5). Fishing mortality was determined for each 

year as the weighted mean F for fully-recruited ages obtained from VPA (M=0.40 

for all ages). An F of 0.28 was estimated for ages 3 and older in 1976 based 

on the linear regression between the fishing effort indices and fishing mortality 

rates for 1968-74 (Table 5, Figure 3). This regression predicted F=0.279 in 1976 

and resulted from several iterations of a procedure wherein (1) a VPA was 

performed using an approximated starting F in 1976 (e.g. 0.50), (2) weighted 

mean F values were determined for each year from the results of the VPA, (3) a 

linear regression was calculated between the fishing effort indices and the F 

value for 1968-74, and (4) another VPA was run using the value predicted from 

the regression in (3) as the starting F in 1976. 

Fishing mortality from VPA (Table 6) increased sharply from 0.24 in 1968 to 

0.92 in 1969, dropped abruptly to 0.19 in 1970, increased steadily to 0.82 

in 1973, and then declined steadily to an estimated 0.28 in 1976. 

RECRUITMENT 

The sizes of the 1967-73 year-classes at age 1 were estimated from VPA 

(Table 6). The 1969 year-class was the largest (640 million fish) followed 

by the 1968 (505 million), the 1970 (440 million), and the 1967 (382 million) 

year-classes. The average size of these year-classes was 492 million fish at age 

1. The 1971-73 year-classes were similar in size, ranging between 224 and 266 

million fish and averaging 246 million fish or half of the average size of the 

1967-70 year-classes. 
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A highly significant (r = 0.982) linear relationship was found to exist 

between the spring survey catch-per-tow (numbers) at age 1 and year class size 

at age 1 from the VPA for the 1967-73 year classes. From this relationship, the 

size of the 1974 year-class at age 1 was estimated to be 237 million fish. 

Given the reported catch from this year-class at age 1 (5.8 million fish) and 

age 2 (29.3 million fish) (Table 2) implied F = 0.03 at age 1 in 1975 and F = 0.26 

at age 2 in 1976. In view of the closeness of this estimate of F at age 2 in 

1976 (0.26) with the estimate of F at ages 3 and older in 1976 (0.28), coupled 

with the fact that the proportion of age 2 fish in the catch in 1976 (47%) was 

higher than observed previously (suggesting a possible shift in the pattern of 

fishing onto younger ages), it was assumed that age 2 fish in 1976 were fu11y

recruited to the fishery. An F of 0.28 at age 2 in 1976 resulted in a 1974 

year-class size of 222 million fish at age 1 in 1975 from VPA (Table 6). 

The linear regression between spring survey catch-per-tow at age 1 and 

VPA year-class size at age 1 for the 1967-74 year-classes (r =0.984) was used 

to estimate the 1975-76 year-classes (Table 7, Figure 4). The 1975 year-class 

at age 1 was estimated to be 250 million fish, and the 1976 year-class was 

estimated to be 246 million. The 1971-76 year-classes, therefore, all appear 

to be approximately equal in size. 

Since no estimate was available concerning the size of the 1977 year-class, 

for the purposes of catch and stock size projections for 1978-79, three 

options were considered: (1) equal to the poorest of the 1967-76 year-classes 

(222.2 million fish), (2) equal to the median year-class size (257.9 million 

fish), and (3) equal to the mean year-class size (342.2 million fish). 
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STOCK SIZE 

Stock size estimates for 1968-76 were determined from VPA (Table 6). 

Mean weights at age (Table 3) were applied to stock numbers at age to obtain 

stock biomass values. The annual biomass values were adjusted using the 

appropriate observed/calculated catch ratios (Table 2). Stock size at age in 

1977 was determined from the relationship: N77 = N76e-Z76 

Total stock biomass (age 1+ ) increased from 115,900 tons in 1968 to 148,300 

tons in 1969 and then dropped back to 127,800 tons in 1970 (Table 6, Figure 1). 

This was followed again by an increase to 155,700 tons in 1971 and then a steady 

decline to a low of 76,000 tons in 1975. Total biomass increased somewhat to 

82,700 tons at the beginning of 1977. 

Spawning stock biomass (age 2+ ) increased from 99,000 tons in 1968 to 

123,200 tons in 1969 and then decreased to 96,200 tons in 1970. The spawning 

biomass recovered to 133,400 tons in 1971, declined steadily to a low of 54,700 

tons in 1976, and increased slightly to 60,500 tons in 1977 (Table 6, Figure 58). 

The sudden drop in stock biomass in 1970 resulted from the sharp increase 

in catch from 15,700 tons in 1968 to 51,000 tons in 1969 (Table 1, Figure 1) 

which generated a high rate of fishing mortality, F=0.92 in 1969 compared to 

0.24 in 1968 (Table 6). The catch dropped to 10,700 tons in 1970 (F=0.19), and 

the stock was able to recover briefly in 1971 due, in large part, to the 

strong 1969 year-class, but then declined in the following years as a result of 

increased catches and reduced recruitment. 

PARTIAL RECRUITMENT 

Age-specific fishing mortality rates from VPA (Table 6) indicate that in 

most years since 1968 red hake have been fully-recruited to the fishery by age 3. 
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In 1968-70, F values suggested that full recruitment may not have occurred until 

age 4. In 1976, as described earlier in the section on recruitment, it was 

assumed that full recruitment occurred:at age 2. Partial recruitment (fishing 

mortality at each age which is not completely recruited to the fishery expressed 

as a percentage of the mean fishing mortality at the fully-recruited ages) 

during 1968-76 varied between 0.4 and 8.2% at age 1 and from 14.1 to 100.0% 

at age 2 and averaged 4 and 45% at those ages, respectively (Table 8). These 

partial recruitment coefficients reflect the use primarily of 40-mm-mesh codends 

employed by the distant water fleets prior to 1 March 1977 and also some 

components of the USA fleet. Partial recruitment of 4% at age 1, 45% at age 2, 

and 100% at ages 3 and older was assumed for January-February 1977. 

A 60-mm manila (55-mm synthetic) mesh regulation became effective 1 March 

1977 for the foreign hake fishery, and it was necessary to determine new partial 

recruitment coefficients applicable to the fishery after that time. Results of 

a mesh selection study by Jensen and Hennemuth (1966) provided the basis for 

this determination, the procedures of which are described by Anderson and Almeida 

(1978). Partial recruitment coefficients applicable to 55-mm synthetic mesh 

were calculated as 1% at age 1, 18% at age 2, 83% at age 3, and 100% at ages 4 

and older. These values were assumed for March-December 1977 and also for 1978. 

CATCH AND STOCK SIZE PROJECTIONS 

A total stock biomass (age 1+ ) of 82,700 tons was estimated to be available 

at the beginning of 1977 (Table 6). The spawning stock biomass (age 2+ ) 

was estimated to be 60,500 tons. A catch of 1,580 tons was assumed for January

February 1977 (40-mm-mesh fishery) which generated an F of 0.0334 at ages 3 and 
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older (M = 2/12 x 0.4 or 0.067 at all ages) (Table 9). The age 1+ biomass 

available at the beginning of March was estimated as 75,800 tons. A catch of 

5,355 tons was assumed for March-December 1977 which resulted in an F of 0.1852 

at ages 4 and older (M = 10/12 x 0.4 or 0.333 at all ages) and left an estimated 

age ~ biomass of 68,000 tons available at the beginning of 1978. These 

projections indicate a 12% increase in spawning stock biomass from 1977 to 1978. 

Equilibrium yield calculations assuming a constant level of recruitment 

at age 1 and partial recruitment coefficients of 1% at age 1, 18% 

at age2~ 83% at age 3 and 100% at ages 4 and older indicate an FO.1 of 0.65. 

Catch options for 1978 and resultant spawning stock (age 2t ) biomass 

levels for 1979 were calculated for F values between 0.05 and 1.00 and for three 

options concerning the size of the 1977 year-class (Table 10). Fishing at F 0.1 

in 1978 would result in a catch of about 19,600 tons for any of the three 

recruitment options. If the 1977 year-class is as poor as any observed (option 1), 

a catch of 19,600 tons in 1978 would leave a spawning biomass in 1979 of 

61,100 tons (10% decrease from 1978 and 1% increase from 1977). A catch of 

12,500 tons in 1978 (F =0.38) under option 1 would maintain the spawning stock 

in 1979 at the 1978 level. If the 1977 year-class is equal to the mean size 

observed (option 3), a catch of 19,700 tons in 1978 would leave a spawning 

biomass of 71,500 tons in 1979 (5% increase from 1978 and 18% increase from 1977). 

STOCK-RECRUITMENT 

The relationship between spawning stock biomass and recruitment is shown 

in Figure 5. The data presented do not suggest any direct relationship. The 

spawning biomass which produced the strong 1969 year-class was quite similiar in 

size to those which produced the weak 1971 and 1972 year-classes (Figure 5A). 

The 1971-76 year-classes, all about the same size, originated from spawning 
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stocks ranging from about 55,000 to 135,000 tons, the full range observed during 

the available data series (1968-present). This suggests that the size of the 

spawning stock bears no relationship to the year-classes produced. 

In spite of the apparent lack of a stock-recruitment relationship and 

the relatively short data series (9 years), the current low levels of spawning 

stock (around 60,000 tons), are the lowest observed and have produced only 

poor year-classes. Therefore, based on the data available, it would be advisable 

to prevent any decline in stock size below current levels from the standpoint 

of improving recruitment prospects. 
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Table 1. Red hake catch (MT) from the Southern New England ~ Middle Atlantic stock. 1 

Year Bulgaria Cu15a GDR Japan Poland Romania Spain USSR USA USA Total 
comme"fc i a 1 recreational 

1960 4,174 3172 4,491 
1961 8,047 612 8,659 
1962 11,737 892 12,629 
1963 770 29,608 770 31,148 
1964 8,427 32,622 8482 41,897 
1965 17,611 24,759' 634 43,004 
1966 57,430 3,629 94 61,153 
1967 39 1 29,539 5,788 150 35,516 . "" 
1968 8,698 6,464 575 15,737 
1969 114 44,913 5,491 4892 51,007 
1970 197 5,534 4,591 410 10,732 
1971 1,218 9 8 23,234 3,225 287 27,981 
1972 471 40 549 5 43 33,368 1,995 177 36,648 
1973 216 2 25 - 37,640 3,603 317 41,803 
1974 401 51 ., 20,917 2,182 1912 23,742 
1975 14 4 11,195 2,065 52.2 13,330 
1976 35 7,122 3,904 6452 11,706 
1977 37 8 1 2?370 2,514 7502 5,680 

INon-USA catches before 1968 are estimated. 

2From angler surveys; remaining years estimated (see text). 



Year 

1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
19)77 

Table 2. Red hake catch-at-age (millions of fish) from the Southern New England
Middle Atlantic stock (+denotes less than 0.1 million), 

Age Observed Calculated Obs 
1 2 3 4 5 6 7 8 9 1~ Total weight weight calc. 

2.7 14.3 24.4 20.5 5.8 2.5 1.2 0.5 0.2 0.2 74.1 15,737 . 17 ;748. .887 
1.6 25.6 98.4 64.3 20.4 6.2 2.1 1.0 ;- + 219.6 51,007 : 51,441. ' ~ .992 
5.3 12.1 19.8 10.7 3.4 1.4 0.7 0.3 0.1 + 53.8 10,732 10,903 .984 
3.2 74.4 50.3 21. 2 5.9 2.3 1.1 0.7 0.3 0.1 159.5 27,981 27,537 1. 016 
5.6 72.4 84.4 39.0 10.8 4.4 1.6 0.9 0.1 + 219.2 36,648 36,363 1.008 
6.3 27.6 60.6 36.5 27.1 4.8 2.2 1.7 0.3 + 167.1 41,803 40, III 1.042 
4.7 30.9 39.8 19.1 13.2 1.9 0.9 0.8 0.2 - 111.5 23,742 23".852 .995 
5.8 20.0 19.7 10.9 3.5 2.1 1.1 0.2 0.7 ... 63.9 13,330 13,340 .999 
3.0 30.2 17.1 8.2 2.6 1.4 0.7 0.1 0.6 + 64.0 11,706 11 ,860 .987 
6.3 8.0 9.4 3.1 1.1 .3 .2 .1 28.5 5 ,680 5 ,721 .993 



Table 3. Mean weights (kg) at age of red hake catches from the Southern 
New England-Middle Atlantic stock. 

Age 
Year 1 2 3 4 5 B 7 8 9 10+ 

1968 .05 .11 .18 .27 .32 .40 .53 .57 .88 1.08 
1969 .05 .12 .20 .28 .33 .37 .49 .55 .64 .85 
1970 .05 .10 .21 .29 .32 .38 .47 .51 .65 .89 
1971 .05 .11 .18 .27 .37 .43 .49 .56 .70 1. 02 
1972 .04 .09 .16 .25 .31 .39 .48 .52 .69 1. 05 
1973 .06 .13 .21 .28 .35 .44 .42 .33 .39 1.28 
1974 .10 .14 .21 .27 .31 .41 .42 .30 .26 
1975 .08 .13 .23 .30 .30 .36 .33 .47 .27 1.01 
1976 .09 .13 .22 .28 .28 .33 .30 .41 .27 1. 26 



Table 4. Stratified mean catch per tow (kg) of red hake from the Southern 
New England-Middle Atlantic stock from the USA bottom trawl surveys 
in the spring and autumn (strata 1-12). 

Year Spring Autumn 

1963 8.05 
1964 4.35 
1965 5.62 
1966 2.90 
1967 2.67 
1968 1. 93 4.42 
1969 1. 65 4.80 
1970 2.39 3.90 
1971 5.38 3.37 
1972 5.551 6.62 
1973 2.13

1 3.05 
1974 1.581 0.59 
1975 1.431 4.34 
1976 3.541 3.38 
1977 0.93 3.15 

1Adjusted from No. 41 trawl catches to equivalent No. 36 catches using a 3.00:1 ratio. 



Table 5. Estimation of F in 1976 for the Southern New England-Middle Atlantic 
red hake fishery. 

Spring survey International Fishing effort Fishing 
Year catch-per-tow (kg) catch (tons) index mortality2 

1968 1. 93 15,737 8,154 .243 
1969 1. 65 51,007 30,913 .924 
1970 2.39 10,732 4,490 .191 
1971 5.38 27,981 5,201 .324 
1972 5.55 36,648 6,603 .554 
1973 2.13 41,803 19,626 .821 
1974 1. 58 23,742 15,027 .685 3 4 
1975 1. 43 13 ,451 9,406 (.443) , 
1976 3.54 11 ,376 3,214 (.279)3 

1International catch divided by spring survey catch-per-tow. 

2Weighted mean F for ages 3+ obtained from virtual population analysis 
assuming F = 0.28 in 1976. 

3Calculated from regression of fishing effort index on fishing mortality for 
1968-74: Y = 0.193 + 0.0000265X, r = 0.890. 

4Value calculated from VPA was 0.388. 



Table 6. Fishing mortality rates and stock sizes for the Southern New England-Middle 
Atlantic red hake stock from virtual population analysis (M = 0.4). 

Age 
Year 1 2 3 4 5 6 7 8 9 10+ 

Fishing mortalit~ F (age 3+)1 

1968 .009 .052 .169 .377 .346 .292 .346 ( .243) 2 (.243)2 (.243)2 .243 
1969 .004 .130 .764 1.209 1.089 1. 035 .547 .711 .924 
1970 .010 .044 .174 .210 .212 .233 .374 .171 .171 2 

(.324)2 
.191 

1971 .009 .237 .326 .360 .213 .272 .365 1.086 (.324)2 .324 
1972 .026 .352 .591 .585 .398 .306 .390 .755 (.554)2 .554 
1973 .031 .212 .736 .729 1.602 .392 .311 1.327 (.821)2 .821 
1974 .026 .264 .696 .717 .860 .559 .146 .221 (.685)2 .685 
1975 . 0323 .182 .341 .539 .342 .398 1.015 .054 ( .388) .388 
1976 .014 .280 .280 .280 .280 .280 .280 .280 .280 .280 

Stock size (millions) Age 1 + Age 2 + 

Total Wt(l03 tons fTotal ~Jt(l03tonsfr 
1968 381.6 342.5 189.1 
1969 505.1 253.8 218.0 
1970 640.3 338.0 149.4 
1971 439.5 425.2 216.7 
1972 265.8 292.3 225.0 
1973 246.9 173.7 137.8 
1974 223.9 160.4 94.1 
1975 222.2

5 
146.3 82.6 

1976 (250.0)5 144 . 2 81. 7 
1977 (246.5) 165.2 73.1 

1We ighted by stock size at age. 

2Mean F in that year. 

78.3 23.8 11.9 
107.0 36.0 11.3 
68.1 21.4 8.1 
84.1 37.0 11. 6 

104.8 39.4 20.0 
83.5 39.1 17.7 
44.2 27.0 5.3 
31. 5 14.5 7.7 
39.4 12.3 6.9 
41.4 20.0 6.2 

3Determined from assumed stock size and known catch. 

4.9 2.8 1.1 1.1 1,037.1 115.9 
5.9 2.3 L139.4 148.3 
2.7 2.3 0.8 1,231.1 127.8 
4.3 1.2 1.3 0.4 1,221.3 155.7 
5.9 2.0 0.3 955.5 124.2 
9.9 2.7 0.6 711. 9 121.4 
8.0 4.9 0.5 568.3 91. 6 
2.0 4.6 2.6 514.0 76.0 
3.4 0.5 3.0 541.4 76.9 
3.5 1.7 0.3 1.5 559.4 82.7 

4Determined by applying mean weights at age (Table 3) to stock size at age and adjusting totals 
with ratios of observed to calculated catch in Table 2. 

5Estimated. 

655.5 99.0 
634.3 123.2 
590.8 96.2 
781.8 133.4 
689.7 113.5 
465.0 105.9 
344.4 69.3 
291.8 58.2 
291.4 54.7 
312.9 60.5 



Table 7. Catch-per-tow (number) of age 1 red hake from the USA spring bottom 
trawl surveys and year-class size (millions of fish) at age 1 from 
VPA for the Southern New England-Middle Atlantic stock. 

Spring survey VPA 
Year-class age 1 age 1 

1967
1 

1. 60 381.6 
1968 0.54 505.1 
1969 4.04 640.3 
1970 1.71 439.5 
1971 0.82 265.8 
1972 0.45 246.9 
1973 0.57 223.9 
1974 0.42 222.2 2 
1975 0.56 (250.0)2 
1976 0.53 (246.5) 

1Not used. 

2Calculated from linear regression between spring survey catch-per-tow and 
VPA year-class size for 1967-74: Y = 184.067 + 117.766X, r = 0.984. 



Table 8. Percentage of fishing mortality (F) at ages 1 and 2 compared to 
mean F at ages 3 and older (partial recruitment). 

Year Age 1 Age 2 

1968 3.7 21. 4 
1969 0.4 14.1 
1970 5.2 23.0 
1971 2.8 73.1 
1972 4.7 63.5 
1973 3.8 25.8 
1974 3.8 38.5 
1975 8.2 46.9 
1976 5.0 100.0 

Mean 4 45 



Table 9. Parameters of the 1977 Southern New England-Middle Atlantic red hake 
fishery. 

Parameter 

Stock biomass (ODD's tons) at beginning of 1977: 

January-February 1977 fishery (40-mm mesh) 
Catch (tons): 
Partial recruitment (%): Age 1 

Age 2 
Age 3+ 

Fishing mortality (age 3+): 

March-December 1977 fishery (60-mm mesh) 
Catch (tons): 
Partial recruitment (%): Age 1 

Age 2 
Age 3 
Age 4+ 

Fishing mortality (age 4+): 

Stock biomass (ODD's tons) at beginning of 1978: 

Value 

82.7 (age 1+) 
60.5 (age 2+) 

1,580 
4 

45 
100 

0.0334 

5,355 
1 

18 
83 

100 
0.1852 

68.0 (age 2+) 



Table 10. Projected catch (age 1+) in 1978 from the Southern New England
Middle Atlantic red hake stock with fishing mortality ranging 

Fishing 
morta 1 ity 

0.05 
0.10 
0.15 
0.20 
0.25 
0.30 
0.35 
0.40 
0.45 
0.50 
0.55 
0.60 

*0.65 
0.70 
0.75 
0.80 
0.85 
0.90 
0.95 
1. 00 

Option 1: 
Option 2: 
Option 3: 

* FO.1 

from 0.05 to 1.00 under three options concerning the size of the 1977 
year-class. Resulting stock sizes (age 2+) in 1979 and the percentage 
changes (by weight) from 1978 are also given. All catch and stock 
size values are in thousands of tons. 

OQtion 1 OQtion 2 OQtion 3 
Catch Stock % change Catch Stock % change Catch Stock % cnalJge 

in im in stock in in in stock in in in stock 
1978 1979 from 1978 1978 1979 from 1978 1978 1979 from 1978 

1,,'9 78.4 -1-15.3 1.9 81. 5 +19.9 1.9 88.8 ... 30.6 
3.7 76.6 -1-12.6 3.7 79.7 ·d7.2 3.7 87.0 +27.9 
5.4 74.9 -dO. 1 5.4 78.0 +14.7 5.5 85.3 +25.4 
7.1 73.3 +7.8 7.1 76.4 +12.4 7.1 83.7 +23.1 
8.7 71. 7 +5.4 8.7 74.8 +10.0 8.8 82.1 -1·20.7 

10.3 70.2 +-3.2 10.3 73.3 +7.8 10.3 80.6 +18.5 
11.8 68.7 +1. 0 11.8 71.8 +5.6 11.8 79.1 d6.3 
13.2 67.3 -1. 0 13.2 70.4 +3.5 13.2 77.7 +14.3 
14.6 66.0 ·-2.9 14.6 69.1 +1. 6 14.6 76.4 +12.4 
15.9 64.7 -4.9 15.9 67.8 -0.3 16.0 75.1 +10.4 
17.2 63.5 -6.6 17.2 66.6 -2.1 17.2 73.9 +8.7 
18.4 62.3 -8.4 18.4 65.4 -3.8 18.5 72.7 +6.9 
19.6 61.1 -10.1 19.6 64.2 ·-5.6 19.7 71. 5 +5.1 
20.7 60.0 -11.8 20.8 63.1 -7.2 20.8 70.4 +3.5 
21. 8 59.0 -13.2 21. 9 62.1 -8.7 21. 9 69.4 +2.1 
22.9 58.0 -14.7 22.9 61.1 -10.1 23.0 68.3 +0.4 
23.9 57.0 -16.2 23.9 60.1 -11. 6 24.0 67.4 -0.9 
24.9 56.0 -17.6 24.9 59.1 -13.1 25.0 66.4 ·-2.4 
25.9 55.1 -19.0 25.9 58.2 -14.4 25.9 65.5 -3.7 
26.8 54.3 -20.1 26.8 57.3 -15.7 26.9 64.6 -5.0 

OQtions for 1977 year-class 

equal to poorest of 1967-76 year-classes (222.2 million fish at age 1). 
equal to median year-class size (257.9 million fish at age 1). 
equal to mean year-class size (342.2 million fish at age 1). 
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Figure 1. International catch (1960-77) and stock biomass (age 1+ ) from 
virtual population analysis (1968-77) from the Southern New 
England-Middle Atlantic red hake stock. 
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Figure 2. Stratified mean catch-per-tow (kg) of red hake from the Southern 
New England-Middle Atlantic stock from USA autumn (1963-77) 
and spring (1968-77) bottom trawl surveys. 
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Figure 3. Relationship between fishing mortality from virtual population 
analysis and fishing effort derived from spring survey catch
per-tow and international catch. 
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Figure 4. Relationship between year-class size at age 1 from VPA and USA 
spring survey catch-per-tow at age 1 for the Southern New 
England-Middle Atlantic red hake stock. 
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Figure 5. Relationship between spawning stock biomass (age 2+ ) and recruitment 
(expressed as abundance at age 1) for the Southern New England-Middle 
Atlantic red hake stock during 1968-76. Open circles indicate 
estimated year-class sizes. 


