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INTRODUCTION 

This report presents an update of the status of the silver hake 
(Merluccius bilinearis stock inhabiting the Southern New England - Middle 
AtJantlc waters C Subdiv. 5Zw and SA 6). The data base utilized includes 
USA and foreign commercial and estimated USA recreational catch statistics for 
1955-77 and research vessel bottom trawl survey data since 1963. Estimates of 
stock size. fishing mortality. and recruitment are presented. Projections are 
made for the 1979 catch and the stock remaining at the beginning of 1980. 

CATCH 

Catches by country for the period 1955-77, including estimates of USA 
recreational catch are listed in Table 1. Marine angler surveys provided esti­
mates of the 1960, 1965, 1970. and 1974-77 recreational catches. The ratios 
between recreational and USA commercial catch were fairly constant in 1965 
(0.129), 1970 (0.158), 1974 (0.149), and 1976 (0.179); the 1960 ratio was some­
what higher at 0.221, the 1977 ratio much higher (0.419), while the 1975 ratio 
(0.024) was lower. The recreational catch in each of the remaining years during 
1955-73 was estimated by applying the 1960 ratio to the commercial catches in 
1955-59 and 1961-62, and the weighted average (0.139) of the 1965, 1970, and 1974 
ratios. was used for 1963-64, 1966-69, and 1971-73. 

Total catches averaged about 16,800 tons during 1955-59, declined to 9,952 
tons in 1960. and then increased steadily to 137,400 tons in 1966. Catches then 
dropped sharply to 50,900 tons in 1967 and have since fluctuated between 19,200 
and 67,000 tons. Catches increased steadily from 19,200 tons in 1970 to 66,000 
tons in 1973 and then declined to 27,700 tons in 1976. The 1977 catch increased 
slightly to 27,900 tons. 

USA commercial catches during 1955-65 ranged between 8,151 and 25,008 tons 
and averaged 14,800 tons per year. Catches during 1966-77 were much lower, 
ranging between 4,989 and 9,840 tons and averaging approximately 7,400 tons or 
18% of the international catch per year. Estimated recreational catches during 
1955-77 ranged between 197 and 3,948 tons and averaged about 1,975 tons per year. 
The USA commercial and recreational catches in 1977 were 9,452 and 3,948 tons, 
respectively. 

The ICNAF total allowable catch (TAC) was 80,000 tons annually during 
1973-75 and was then reduced to 43,000 tons in 1976. An optimum yield (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 the total allowable level of foreign fishing (TALFF). The 
1978 OY was subsequently increased by 5,000 tons, all of which was allocated as 
TALFF. The 1978 foreign catch. as of 2 December was approximately 10,240 tons 
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taken by Bulgaria, Japan, Mexico, Romania, Spain, and the USSR. The USA commercial 
catch in 1978 was estimated to be 11,000 tons from projections comparing 1977 and 
available 1978 monthly catches. The recreational catch was assumed to be approxi­
mately 4,000 tons. For the purpose of this assessment the 1978 total catch was 
assumed to be 26,000 tons. 

CATCH COMPOSITION 

Numbers-at-age catch data for 1955-77 are contained in Table 2. Age 2 
and 3 fish have, in recent years, dominated the catch. In 1977, 24% of the 
catch (in numbers) was age 2 fish and 46% was age 3, as opposed to 54% and 
27%, respectively, in 1976. 

Mean weights at age for the 1955-77 catches (Table 3) were applied to the 
numbers at age in Table 2 to obtain calculated catches. The ratios between ob­
served and calculated catches range between 0.861 and 1.094 and average 0.961. 
These ratios are used to adjust the calculated stock biomass values obtained 
from virtual population analysis. The 1977 mean weights at age (unadjusted) 
were utilized in the projections of 1979-80 catch and stock biomass. 

ABUNDANCE INDICES 

USA commercial catch per day increased steadily in recent years from 4.3 
tons in 1974 to 7.7 in 1977 (Table I, Figure 1). The 1977 index was the highest 
observed since 1970. Yearly values in this time-series (1964-77) have fluctuated 
between 4.3 and 7.7 but have not shown any long-term trends nor have they been 
totally consistent with Changes in stock biomass (Figure 1) calculated from 
virtual population analysis (VPA). However, the continuous increase in the 
index since 1974 does agree with an increase in stock biomass during that time 
indicated by VPA. The catch-per-day index was calculated using data from trips 
by vessels 50 gross tons or less from Point Judith, Rhode Island, fishing in 
waters 55 m (30 fath) or less, and had a catch 50% or more of silver hake. 
The catch of silver hake on which the index was based averaged only about 1% 
of the total catch per year. The lack of consistency between the index and VPA 
results in measuring stock biomass may be due to the small percentage of catch 
from which the index was determined and also that these catches were taken 
relatively inshore whereas an average of over 75% of the annual catch was taken 
farther offshore by the foreign fishery. The USA index may reflect abundance of 
only that portion of the stock found inshore and taken by the USA fishery and 
may not be totally representative of the entire stock. 

The USA autumn bottom trawl survey catch-per-tow index increased from a 
1963-77 low of 1.36 kg in 1974 to 3.92 in 1976 and then decreased to 3.09 in 
1977 (Table 4, Figure 2). The index initially increased to a peak of 7.62 kg 
in 1965 and then decreased, fluctuating considerably around a mean of 3.4 in 
succeeding years. Since 1966, the index has not shown a long-term consistency 
with the trend in stock biomass determined from VPA. The spring bottom trawl 
survey catch-per-tow index was lower in 1977 (1.16 kg) than in any other year 
(1968-78), but increased in 19]8 to 1.83 after decreaSing steadily since 1975. 
Since 1971 this index has fluctuated about an average of 1.88 and has not agreed 
with the VPA results. In view of the inconsistency of both the autumn and sprin9 
survey abundance indices with stock biomass changes indicated by VPA, it is 
difficult to evaluate the results of the survey. 

FISHING MORTALITY 

Fishing mortality in 1977, the terminal year for virtual population analysis, 
was estimated for fully-recruited ages from a linear relationship between inter­
national fishing effort and fishing mortality. Fishing effort, expressed as USA 
days fished, was calculated by dividing the total international catch by USA 
catch per day (Table 1). A fishing mortality rate (F) of 0.463 was estimated 
for 1977 based on a linear regression between fishing effort and fishing mortality 
values from a previous VPA (Anderson and Almeida 1977). A new VPA was performed 
using 0.463 as the terminal F for ages 4 and older in 1977 (Table 6), and a 
regression (r = 0.753, p = 0.05) between fishing effort and the mean fishing 
mortality values from the new VPA for 1955-75 was run. The predicted F for 
1977 was 0.463 (Table 5) and therefore, the estimated F was accepted. 
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Fishing mortality for fully recruited ages determined by the VPA ranged 
between 0.32 and 0.80, averaging about 0.52 during 1955-68. F then increased to 
1.05 in 1969, dropped to 0.49 in 1970, increased again to 1.05 in 1971, averaged 
0.61 during 1972-74, increased to 1.04 in 1975, and decreased to average 0.46 
in 1976-77. 

RECRUITMENT ESTIMATES 

The 1975-77 year-class sizes at age 1 were estimated from a power curve 
relationship ( r = 0.869, P > 0.05) between the autumn survey catch per tow 
(numbers) at age 0 and the year-class size at age 1 from VPA for 1969-73 (Table 
7, Figure 4). 

The 1974, 1975, 1976, and 1977 year-classes at age 1 were estimated to be 
890, 650, 1,080 and 830 million fish, respectively, compared to the mean 1954-73 
year-class size of 760 million fish. The 1976 year-class was estimated to be 
the strongest since the 1964 year-class and is exceeded in size only by the 
1961-64 cohorts. Only eight other cohorts in the 23-year time-series are larger 
than the estimated 1977 year-class. 

STOCK SIZE 

Estimates of stock size for 1955-77 were obtained from VPA (Table 6). 
Mean weights at age were applied to stock size numbers at age to obtain stock 
biomass values, and the summed biomass values for each year were adjusted using 
the appropriate ratios between observed and calculated catch (Table 2). Stock 
size by age in 1978 was calculated using the relationship: 

-z N78 = N77e 77 

Total stock biomass (age 1+) increased from an average of 76,000 tons during 
1955-59 to a period high of 454,000 tons in 1965 and then decreased to 83,000 
tons in 1970. Biomass increased again to 231,000 tons in 1973, decreased some­
what to average about 189,000 tons during 1974-76, and then increased to 390,000 
tons in 1978, the largest biomass observed since 1965. 

Spawning stock biomass (age 2+) averaged about 60,000 tons during 1955-60 
before increasing to a high of 376,000 tons in 1965. Spawning biomass declined 
to 66,000 tons in 1970-71, increased to an average of 151,000 tons in 1973-74, 
dropped to 100,000 tons in 1075, and then increased to 286,000 tons in 1978, 
the largest since 1966. 

PARTIAL RECRUITMENT .• 
Silver hake have genera11y been fully recruited to the fishery in recent 

years by about age 3 as evidenced by age-specific fishing mortalities obtained 
by VPA (Table 6). Partial recruitment, defined here as the ratio between the 
fishing mortality at a given age (in a given calendar year) not fully recruited 
into the fishery and the mean F at the fully recruited ages in that year, was 
estimated to be 0.4% at age I, 13% at age 2, 35% at age 3, and 100% at ages 4 
and older in 1977. These ratios were derived from the fishing mortality rates 
estimated for 1977 (Table 6). They represent decreases from earlier years and 
reflect to a certain degree the effect of the 60-mm mesh regulation which was 
implemented effective 1 March 1977 for the foreign hake fishery. These esti­
mates of partial recruitment were used in the projections of catch and stock 
size for 1979-80. 

CATCH AND STOCK SIZE PROJECTIONS 

A total stock (age 1+) biomass of 390,400 tons was calculated to be avail­
able at the beginning of 1978. The available spawning stock (age 2+) was cal­
culated to be 285,800 tons. These estimates represent a 15% increase in total 
stock and 42% increase in spawning stock biomass from the previous year. 
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Equilibrium yield calculations under conditions of a constant level of 
recruitment at age 1 and partial recruitment coefficients of 0.4. 13. 35. and 
100% at ages 1. 2. 3. and 4+. respectively. indicate an FO.l of about 0.55. 

A total catch of 26.000 tons requiring an F for ages 4 and older of 0.268 
was assumed for 1978. leaving a spawning stock biomass of 341.800 tons at the 
beginning of 1979 (20% increase from 1978). An estimated 1978 year-class of 
median strength (650 million fish) was also assumed. Catch projections for 1979 
and the resulting age 2+ spawning stock biomass in 1980 were calculated with F 
ranging from 0.05 to 1.00 (Table 8). Fishing at FO.1 in 1979 would result in a 
catch of 66.400 tons with a resulting decrease in spawning stock biomass from 
1979 to 1980 of 6%. A catch in 1979 of 47.500 tons (F=0.371) could be taken 
while still maintaining the same spawning stock biomass in 1980 as in 1979. 

STOCK-RECRUITMENT 

Spawning stock biomass ;s plotted versus recruitment in Figures 5 and 6. 
]ecruitment and spawning biomass both increased from low levels in the 

mid-1950's to peaks in the early 1960's and then decreased in the late 1960's 
to about the same levels as in the mid-1950's. During 1955-65. there appeared 
to be a pronounced stock-recruitment relationship (Figure 6) with peak re­
cruitment resulting from a spawning biomass of about 150.000 tons and lower 
levels of recruitment occurring both above and below 150.000 tons. However. 
this relationship disappeared in later 'years. It is oossible that e~t,"nentls 
factors exerted a greater influence on year-class formation during the latter 
period than previously. It is. therefore. difficult to predict with any degree 
of certainty the level of recruitment which could be expected from future 
spawning stocks of the size currently projected for 1979-80. 
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Table t. 
. \ 

Silver hake catch staUstlcs frolll tlte Southern Nt:!w England - tltddle Atlantic Stock . 

---------------
Catch (In) USA 

CUba fAG GIJR Japan Poland RlJiRan la Spain USSR US-';::--u~--oi~~-
catch/dll,)' 

(HT) 
cOOIltercla 1 recreational 

IZ ,412 2,743 15,155 
13,390 2,959 16,349 
J5,390 3,400 18,190 
12.039 2.660 14.699 
15,398 3.4022 18.800 
8,151 1.601 9.952 

10,562 2.3]4 12,896 
11,937. 2,6]6 14,560 

4.191 11,666 2,451 24,]06 
19,434 25,006 3,4692 41,911 6.90 
68.493 20,996 2,111 92.208 5.68 

126.211 9.840 1,365 137,416 4.60 
Z2 41.242 8,491 1.176 . 50,935 5.23 .. \21 JO,812 8,16] 1.132 40.272 5.25 

2 \23 57.820 7,235 1.00]2 66,929 6.24 
299 ,. 11.493 6,005 95. 19,226 7.66 
'0 24 '32 21.114 4.9B9 691 28,5012 4.85 

474 \6 10\ 127 21.146 5,552 17. 35.815 6.22 
15 268 92 45 57.928 6,096 1146, 65.961 4.77 , 6' ,. 125 49,175 7.200 1.075

2 
59,503 4.29 

212 8 I6 \9 32 ,241 8,218 , 197 " 41.911 5.26 
92 \ 9 1\3 414 15.760 9,511 1,106~ 21.661 6.6j 

269 35 83 12 \3 lJ,911] 9,45i' ],9~8 \I 27 ,ORO 7.6 

IMon_USA catches before )968 are esti_ted. 

2FTOIII Angler survey. retIIIIinlng yens IIsttaated (see text). 
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6,9"4 
16,2]4 
29,873 
9,139 
7,611 

10,17.6 
2.510 
5.8B5 
5.75R 

13.628 
1J,870 
7,96R 
4.IS5 
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Table ~. SHYer tlake clltt;h at age (_1111ons of fish) fro. the Southern Hew England ~ Middle 
Atlantic stock (-t- denotes less than O.imilllon). 

Age 
Observed Calculatid Obs 

Year 0 , 3 • 5 • B , 10 II '" Total weight weight tea1c 

1955 D .• 19.5 10.9 22.7 24.5 ,., 2.1 0.8 0.3 0.1 , 91.5 15.155 15,696 .966 
1956 68.5 51. 7 22.7 16.9 '.0 I.' 0.8 0.2 0.1 , , 168.3 16,349 16,5]6 .989 
1957 2.8 25.6 36.1 26.1 11.1 3.0 1.2 D .• 0.1 , , 106.4 18,790 19,843 .947 
1958 23.5 3}.8 28.4 J7 .8 '.2 I.. 0.8 0.2 , , 110. J 14,699 15,457 .951 
1959 lJ.B 13.4 42.8 28.8 10.2 2.l 0.8 B.2 , • , 112.3 18,800 20,025 .939 
1960 13.7 19.3 14.2 11.9 5.5 1.8 1.0 0.' 0.1 , 67.9 9,952 10,363 .960 
1961 B.5 '.3 27.0 22.1 5. I 1.5 1.0 0.' 0.2 , , 64.7 12,896 13,188 .935 
1962 0.' 6.' Z9.0 27.0 1.2 1.5 0.8 0,' 0.2 0.1 , 73.2 14,568 15.106 .964 
1963 5. I 24.3 46.8 41.0 13.6 2.0 0.5 0.2 O. 1 , 136.2 24,308 26,189 .928 
1964 26.2 39.4 106. J 82.4 26.1 '.5 1.8 0.5 D .• 0.2 , 287.8 47.911 49,493 .968 
1965 22.1 66.8 253.2 160.5 31.2 8 .• 3.8 1.3 D .• 0.1 , , 548.4 92,208 95.227 .968 
1966 8.' 216.8 332.1 192.4 61.0 19.8 8.' 3.5 D.' 0.1 , , 843.8 137,416 141,433 .972 
1961 H.6 27.5 118.4 106.6 22.2 '.5 1.7 O. I B.2 , , , 295.4 50,935 52,485 .970 
1968 '.6 23.2 96.1 64.8 20.3 8.8 3.' 1.2 D .• 0.1 , , 228.6 40,272 43,546 .925 
1969 1.5 20.4 120.5 108.5 40.1 10.2 '.1 3.5 1.6 B.l 0.1 315.6 66,929 77,721 .861 
1970 31.8 11.0 10.3 22.5 18.3 5.3 '.3 2 .• 0.' B.2 , 0.1 107.1 19,226 19,940 .964 
1971 1.5 35.0 50.5 26.6 8.0 3. I 5. , 5.' 2.8 1.0 B.3 , 146.7 28,542 28,968 .985 
1972 0.1 52.5 82.4 41. 8 H.I 1.1 0.5 D .• 0.1 , 192.6 35,815 40,237 .890 
197] 0.1 64.3 173.8 75.5 24.6 3.7 0.' 0.5 0.1 , ]43.5 65,961 69,672 .941 
1974 , 18.2 136.1 78.0 32.2 3.0 I.. 1.3 0.3 B.3 271. 4 59,503 59,840 .994 
1915 •. 6 39.0 90.3 34.4 10.5 I.. 0.1 180.5 41,9U 42,348 .990 
1976 0.2 1.6 15.7 38.4 14.1 3.' D .• 0.1 140.1 27,661 21,985 .988 
1917 2.' 21.6 41.5 17.2 5.2 1.1 D.' , 90.1 27,880 25,491 1.014 

IUsing IleIR wts It llge f~ Table 3. 

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

~ge 

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 .J81 
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 .138 .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 ,091 .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 
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Table 4. Stratified mean catch per tow (kg) of silver hake from 
the Southern New England - Middle Atlantic stock from 
USA bottom trawl surveys in the spring and autumn 
(strata 1-12). 

Year 

1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 

Spring. 

7.36 
3.82 
1.68 
3.73 
2.311 1.161 1.671 3.081 1. 96 1 1.16

1 1.83 

Autumn 

5.22 
5.66 
7.62 
3.59 
4.42 
4.75 
2.30 
2.59 
4.60 
3.99 
3.20 
1. 36 
2.77 
3.92 
3.09 

lAdjusted from No. 41 trawl catches to equivalent No. 36 trawl catches 

using a 6.20:1 ratio. 

Table 5. Es~imation of F in 1977 for the Southern New 

England-t-tiddle Atlantic silver hake fishery. 

Year 
Fishing

l effort 
Fishing 2 
mortalitr 

1964 6,944 .488 

1965 16,234 .508 

1966 29,873 .795 

1967 9,739 .471 

1968
5 

7,671 .394 

1969 10,726 1. 046 

1970
5 

2,510 .486 

1971 5,885 1. 044 

1972 S,758 .618 

1973 13,828 .628 

1974
5 

13,870 .598 

1975 7,963 1. 036 

1976 4,185 (.469)3,4 

1977 3,644 (.463) 3 

lExpressed as USA days fished. 

2weighted mean F for fully-recruited ages. 

3Calculated from linear regression of fishing effort 

on fishing lOOrtality for 1964-74: Y=O.423 + O.OOOOllX 

1"'0.753. 
4 

Value calculated from VPA was 0.447 ·using F = 0.463 in 1977. 

SNot used in calculation of linear regression because F values 

were excessively high for the amount of fishing effort com­

pared to other years (see Figure 3). 
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, .137 •• 
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Table 7. Catch per tow (number) of age 0 silver hake from the 
Southern New England - Middle Atlantic stock from 

tIlR5)S 

74.2 
72.0 
79.5 
70.] 
19.1 
92.11 

170.7 
249.9 
367.0 
426.] 
454.1 
]75.4 
238.0 
185.0 
156.7 
12.1 
93.9 

1 .... 4 
212.8 
177.5 
200.1 
18!1.0 
]]9.2 
190.4 

USA autumn bottom trawl surveys (strata 1-12) and year­
class size (millions of fish) at age 1 from VPA. 

Autumn VPA 
Year class 

survey 

1 

Age 0 Age 1 

1969 26.13 341.8 
1970 28.65 580.9 
1971 69.90 772.1 
1972 78.20 696.1 
1973 19.96 378.4 1 
1974 105.54 (885.1\ 
1975 57.24 (647.1)1 
1976 152.83 (1069.8)1 
1977 93.04 (829.8) 

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

Y = 81.494X·
512

• r = 0.869 

EB 

A&II h 
Total WI (10] 
-- lon5)5 
382.4 56.9 
476.8 S8.S 
418.2 61.6 
411.9 56.9 
412.2 62. J 
530. J 6].5 
7JII.0 ta2.S 

1081.1 149.8 
1117.8 225.9 
2386.] 324.6 
2625.1 116.0 
2221.3 324.b 
1421.6 220.1 
11,172.] 175.1 
6!1l.2 142.2 
317.2 68.8 
196.] 6].4 
535.0 115.7 
121.2 152.8 
615.9 148.9 
41'.1 !l9. II 
781.0 147.9 
845.9 201.2 

1218.4 285.8 
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Table 8. Projected catch (age 1+) in 1979 from the 
Southern New England - Middle Atlantic 
silver hake stock with fishing mortality 
ranging from 0.05 to 1.00. Resulting stock 
size (age 2+) in 1980 and the percentage 
change (by weight) from 1979 axe also given. 
All catch and stock size values are in 
thousands 0 f tons. 

Fishing 
mrtali ty 

.05 

.10 

.15 

.20 

.25 

.30 

.35 

.40 

.45 

.50 
'*.55 

.60 

.65 

.70 

.75 

.80 

.85 

.90 

.95 
1.00 

• 
FO• 1 

lOa 

~---

1979 
catch 

7.1 
14.0 
20.7 
27.1 
33.3 
39.3 
45.1 
50.7 
56.1 
61. 3 
66.4 
71.3 
76.0 
80.6 
85.1 
89.4 
93.6 
97.6 

101.5 
105.3 

1980 % change ln stock 
stock from 1979 

386.1 +13.0 
378.4 +10.7 
371.1 + 8.6 
364.1 + 6.5 
357.3 + 4.5 
350.7 + 2.6 
344.4 + 0.8 
338.3 - 1.0 
332.5 - 2.7 
326.8 - 4.4 
321.4 - 6.0 
316.1 - 7.5 
311.0 - 9.0 
306.1 -10.4 
301.4 -11.8 
296.8 -13.2 
292.3 -14.5 
288.1 -15.7 
283.9 -16.9 
279.9 -18.1 

STOCK 310MASS 

USA CATCH/CAY 

) 

Figure 1. International catch, stock biomass (age 1+) from virtual 
population analysis, and USA commercial catch-per-day from 
the Southern New England - Middle Atlantic silver hake stock. 

E9 

10 

• ;;; 
• ~ 
T ~ 
• '" II! , : 

" • • u 

:I , ~ 

2 



;; 
'" 
~ 
~ 

0: 

'" "-
l: u 
ii 
u 
z 
'" '" '" 

> 
~ 

:0 
~ 
0: 
0 

'" " ~ 
l: 

"' '" 

8 

7 

6 

S 

• 
3 

2 

1%4 1%6 1968 1910 

- 9 -

, , , , , , , , 
\ , , 

\ , , , 

1972 

YEAR 

'v' 

AUTUMN 

I , I , , 

1974 

Figure 2. Stratified mean catch-per-tow (kg) of silver hake from the 
Southern New England - tliddle Atlantic stock from USA 
autumn (1963-77) and spring (1968-78) bottom trawl surveys. 
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Y • 0.423 + 0.000011 X 

r • 0.753 

oL-__ ~ __ ~ __ -L __ ~~~~~~~~~~~ 
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INTERNATIONAL F1SHING EFFORT 

Figure 3. Relationship between fishing mortality from virtual population 
analysis and international fishing effort expressed as USA 
days fished for the Southern New England - Hiddle Atlantic 
stock. The 1969. 1971. and 1975 values were not used in 
calculating the line. 
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Figure 4. Power curve relationship between Southern r~ew England - Middle 
Atlantic silver hake year-class size at age 1 and USA autumn 
survey catch-per-tow at age O. 
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Figure 5. Southern New England - ~liddle Atlantic silver hake spawning stock biomass 
(age 2+) in 1955-78 and abundance at age 1 of the 1954-77 year-classes. 
Open circles indicate estimated year-class sizes. 
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Figure 6. Relationship between spawning stock biomass (age 2+) and recruitment 
(expressed as abundance at age 1) for the Southern New England _ 
I·liddle Atlantic silver hake stock during 1965-77. Open circles 
indicate estimated year-clas_s sizes. 
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