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INTRODUCTION

This report presents an update of the status of the silver hake
(Merluccius bilinear1s? stock in the Gulf of Maine (ICNAF Div. 5Y). The
data base utilized includes USA and foreign commercial catch statistics
for 1955-77 and USA research vessel bottom trawl survey results for 1963-78.
Estimates of stock size, fishing mortality, and recruitment are given, and
projections are made for catch options in 1979 and resulting stock sizes
in 1980. '

CATCH

Total catch during 1955-64 varied between 21,500 and 37,000 tons and
averaged 29,700 tons (Table 1, Figure 1). Catches dropped from 31,700 tons
. Tn 1864 to 22,600 tons in 1965, and ranged from 24,700 to 11,400 tors during
1965-70 while averaging 18,300 tons. Catches continued to drop and averaged -
only B,100 tons during 1971-77 while ranging between 5,213 (1974) and 9,750
(1976) tons. The 1977 catch was 8,730 tons. ' oo

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

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

The estimated USA catch in 1978, based on projections made comparing the

1977 catch with available 1978 monthly statistics, is 6,500 tons. There were
~no foreign catches in 1978.
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CATCH COMPOSITION

Numbers-at-age catch data for 1955-77 are presented in Tabie 2. During
1955-70, age 3-4 fish dominated the catch, averaging about 54%_0f the total
catch in number each year. Beginning in 1971, there was a shift towards
younger fish, and ages 2-3 dominated the catch, averaging 75% of the total between
1974 and 1976. In recent years, 1975-77 age 3 has been the most prevalent age-
group, averaging 44% of the total each year.

Calculated mean weights at age for the 1955-77 catches are given in Table
3. These values were generated by the application of Tength-weight equations
to the length frequency data from the catches. The mean weights were applied
to the numbers at age in Table 2 to obtain calculated catches (tons), which were
compared to the observed catches. Observed/calculated catch ratios (Table 2)
varied between 0.811 and 1.195 and averaged 0.888. The 1977 mean weights
{unadjusted) were used in caleculating the 1979-80 catch and stock size
projections.

ABUNDANCE INDICES

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

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

FISHING MORTALITY

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

Fishing mortality for fully-recruited ages determined by VPA (Table 6)
ranged between 0,24 and 0.53 during 1955-67 and averaged 0.40. F increased
from 0.32 in 1967 to 1.24 in 1971 and then dropped to 0.23 in 1974 as catches
decreased to Tow levels. Fishing mortality increased sharply in 1975 to 0.66
but decreased in both 1976 {0.47? and 1977 (0.34).
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RECRUITMENT

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

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

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

STOCK SIZE

Stock size estimates for 1955-77 were computed from YPA (Table 6). Mean
weights at age (Table 3) wera appiied to stock numbers at age to obtain stock
biomass values. The annual biomass values were adjusted using the appropriate
observed/calculated catch ratios (Table 2). Stock_size at each age in 1978
was determined from the relationship: Nyg = Ny7 e"277.

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

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

PARTIAL RECRULITMENT

Age-specific fishing mortality rates from VPA (Table 6) indicate that
silver hake were fully recruited to the fishery at age 4 during 1855-70, at
age 3 in 1971-72, at age 2 in 1973-74, and again at age 3 in 1975-77. Partial
recruitment of age groups not fully recruited to the fishery is defined here
as the ratio between fishing mortality at a given age {in a given year) and the
mean fishing mortality at the fully recruited ages in that year. In 1977,
partial recruitment was estimated to be 2% at age 1, 28% at: age 2, and 100%

at ages 3 and alder based on the age-specific fishing mortality rates esti-
mated for that year. These values were used in the projections of catch and stock
size for 1979-80.

CATCH AND STQCK SIZE PROJECTIONS

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

Equilibrium yield calculations assuming a constant level of recruitment

at age 1 and partial recruitment coefficients of 2% at age 1, 28% at age 2,
and 100% at ages 3 and ¢lder indicate that F0 1 = 0.50.
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An estimated catch in 1978 of 6,500 tons would require an F for ages 3
and older of 0.238 and result in an age 2+ biomass of 56,900 tons at the begin-
ning of 1979 (5% increase from 1978). Catch options for 1979 and resultant
spawning stock biomass levels in 1980 were calculated for values of F ranging
from 0.05 to 1.00 (Table 8). Fishing at Fg.1 = 0.50 in 1979 would result in a
catch of about 15,500 tons and leave a spawhing biomass in 1980 of 57,500 tons
(1% increase from 1979). A catch of about 16,000 tons in 1979 (F = 0.522) would
maintain the same spawning stock biomass in 1980 as in 1979 (56,900 tons).

STOCK-RECRUITMENT

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

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

LITERATURE CITED

Anderson, E. D. and F. P, Almeida, 1978. Assessment of the Gulf of Maine silver
hake stock. NMFS, NEFC, Woods Hole, Lab. Ref. No. 78-10 (mimeographed).
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Table 1. Silver hake catch statistics from the Gulf of Maine stock.
Catch (MT) Usa International
Year Bulgaria  FRG GDR Poland USSR USA Total catch/day effort as
(MT) USA days fished

1955 - - - - - 313,833 33,833 - -

1956 - - - - - 21,4438 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

1861 - - - - - 26,576 26,576 23.02 1,154

1562 - - - - - 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 L= - - - - 24,706 24,706 17.83 1,386

1969 - - - - - 14,632 14,632 10.05 1,456

1970 - - - - - 11,384 11,384 7.660 1,486

1971 - - - - 53 8,263 8,316 8.55 973

1972 - 131 53 - 857 5,570 6,651 7.14 932

1973 3 25 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 15.50 549

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

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 .858
1956 0.1 16.4 11.1 21.2 27.6 13.2 B.% 3.4 1.6 0.6 0.1 0.1 + 104.0 21,448 24,446 877
1957 0.1 47.6 16.2 34.5 47.3 22.7 15.6 5.7 2.9 0.9 0.2 0.2 + 183.9 36,980 40,929 .904
1958 . + 20.1 17.9 130.2 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 1%,6 12,0 5.7 3.0 0.8 0,2 0.2 + 157.4 34,750 40,887 .B50
1960 - 2.7 30.z 37.8 2.1 10.5 6.0 3.1 1.6 0.5 0.2 o1 + 118.8 23,628 26,663 . 886
1961 - 0.7 21.9 39.1 35.4 14.8 7.3 3.5 1.6 0.5 0.2 0.1 + 125.1 26,576 30,083 883
1962 - 1.0 18.3 37.7 35.1 15.0 7.6 3.5 1.7 0.6 0.2 0.1 + 120.8 26,253 30,289 .867
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 30,901 862
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 37,593 844
1965 - 0.2 16.6 28.8 27.1 12.5 5.6 3.5 2.0 0.8 0.2 0.2 a.1 98.6 22,649 27,718 LB17
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 .B11
1967 - 0.2 3.7 16.4 24,8 11.9 4,8 2.0 0.7 0.3 0.1 + + 64.9 14,653 17,809 .823
1968 - 0.6 2.7 14.9 35.7 21.3 12.0 4.6 1.8 0.8 0.1 0.1 + 94.6 24,706 29,769 .830
1969 - 3.0 2.5 6.6 17,3 11.4 7.6 3.4 1.7 0.7 0.2 Q.1 + 54.5 14,632 17,661 .828
1970 - 0.7 5.7 16.0 1t.0 5.9 4.9 2.5 1.6 0.5 0.2 0.1 + 43.1 11,384 13,583 .838
1971 - 1.8 11.7 13.6 10.4 4.0 1.9 1.9 0.4 0.1 0.1 0.1 - 45.1 8,316 9,647 .862
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 .872
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 . 862
1974 * 5.9 12.6 6.1 0.7 0.5 ¢.3 0.1 + + + - 26.2 5,213 5,190 1.004
1975 - 1.4 12.% 20,3 5.6 1.9 0.5 0.1 0.1 * - - - 42.8 9,141 9,243 L9489
1976 - 0.9 13.9 18,6 5.4 2.4 1.3 0.1 + - - - - 42.6 9,760 9,856 . 9%0
1977 - 1.0 6.6 12.0 7.1 1.6 0.3 0.2 + + - - 28.8 8,730 7,304  1.195

1Using mean weights at age from Table 3.
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Table 3. Mean weights (kg) at age of silver hake catches from the Gulf of Maine stock.

Age
Year 0 1 2 3 4 5 [:) 7 8 9 10 11l 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 .276 308 .366 .425 .478 .462 .554 .750 1.093
198 .007 .044 .133 .225 ,296 .332 .388 .47 L5150 474 .596 .757 1.334
1959 .005 .051 .135 .204 .287 .347 .414 508 .543  .547 621 . 765 1.132
1960 - L059 .137 .185 .254 .308 .412 .500 L 609 600 705 L7123 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 .796 .924 1.142 1.412
1965 - 077 L1711 .210 .265 .320 .447 .583 . 750 .816 . 798 1.009 1.300
1966 - L1061 .195 .220 .255 .293 .406 .567 .731 .745 .949 1.034 1.763
1967 - L073 .194 ,236 .269 .293 .347 .404 .508 .513 649 726 1.374
1968 - L066 .195 .266 .296 .317 .361 .430 .541 .578 776 .965 1.413
1969 - .063 .15%1 .274 .319 346 .375 .431 .498 .538 .800 1.248 1.840
1970 - .064 .I5& .217 .315 .375 .437 .512 .536  .S565 .808 .675 1.522
1971 - L0688 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 .26 .372 .418 .3%0 .778 .909 1.118 1,218 1.087 -
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 .658 .818 .604  .B68 - - -
Table 4. Stratified mean catch-per-tow (kg) 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).

Year Spring Autumn
1963 - 26.45
1964 4.65
1965 - 7.89
1966 - 4.28
1967 - 2.42
1968 0.03 1.88
1969 0.18 2.44
1870 0.31 3.01
1971 0.35 2.74
1972 1.73 6.50
1573 0.70l 4.17
1974 0.731 3.77
1975 2.411 9.09
1976 2.301 10.87
1977 1.001 7.19
1978. 0.24! -

1Adjusted from No. 41 trawl catches to equivalent No. 36
trawl catches using a 6.20:1 ratio.
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Table 5. Estimation of F in 1877 for the Gulf of Maine
silver hake fishery.

Fishin Fishing
Year effortl mortality?
1956 1,403 .244
1957 1,166 .423
1958 1,600 .455
1959 1,536 . .488
1960 1,244 .296
1961 1,154 .376
1962 . 1,293 .400
1963 1,614 , 411
1964 1,388 .525
1965 933 .411
1966 1,182 A1
1967 856 ,325
1968 1,386 726
1969 1,456 .758
1970 1,486 .940
19713 973 1.242
1972 932 .669
1973 901 .539
1974 830 .213
1975 1,166 .661
1976 584 (.346)3:4
1977 549 "(,338)3

1Expressed as USA days fished.
2Weighted mean F for fully recruited ages.

3Calcu1ated from linear regression of fishing effort on
fishing mortality for 1956-75: Y = 0.219 + 0.00022x, * = 0.294,

Ayalue from VPA was 0.465 using F = 0.34 in 1977.

5N0t used in calculation of linear regression because the F value
appears excessively high for the amount of fishing effort in
comparison to other years.

A8



‘2 B14QeL Y} S1yb|IM PITRINI{EI 0] PAISGO 4O 501304 Bujsn vnum.__.vf.
‘paimis,
~sbw 3w 8245 Y035 Aq vnusu_o:m
TYITRD UMOUY PUR @T(S YI01S PIUNSSE WoL) ﬂu:-.!-uwam

<aeak Jeyy uy sabe peypnasaa Lyny a0y 4 e,

'y £7I82 889 - - - - o 9°0 FAL |9 e 98 9°2rt -m: 861
rer v 59 - - - - - e [ [ 962 &' 6F ¥rom b ¥12 £61
FdE 6T IRl 80§ - - - - - o 82z iy Pt 99 £16  l0E 96l
9°€C 98I Fag ] - - - - o [ 11 L] 9Ll S'Br 9l "6 LET  §i61
062 T1'62l Sy - - - - - &0 {0 ¢ y ol faye 9'L@ 0-8L1 %61
g'ze 0400 1'e - - £0 [ £'0 E'D FAR | 81 r 662 Lt gyl L6
el 6'EL 862 - 20 0 50 50 $'0 01 0t e'r T4l L 6k 6 ¥21 26!
B°st §°/8 £02 - 20 50 50 [ oe 0't 9 L] iz 1461
062 &°8¢1 21k - <0 S0 [} 9°¢ 6'r FL) 5§11 Z2'22 9 0i61
ek 2°EE1 er - 0 58 51 or 6L £91 §9 it [} 6961
0°S{ G6°EIC 864 - 0 S0 1 L a4 L3 0°92 5 6k 618 6°EL 8961
2C6  0Uosk - - §'0 [} L3 [ -3+ 0'Es 9Lt (1) £961
r0zt 97419 o 0 fay 1 LIt 1'8 6'6L 708 (101 £ 161 9961
e 2Ui0t 0 80 80 072 £ g8 o2 [ 27801 gz 6961
0ty O6L ] 01 g1 &2 Z'9 (a1 °n 5715 97901 0°t0e ¥961
SEYL 9TEN L) [Ny Fan D'E £'S I'El 9 ¢ 125 G811 &°L02 961
¢ oyl B08L - {0 FA £t 5°9 1720 9B 265 9'0621 2°2%2 2961
251 §°428 - o 2'1 §°2 69 8'El 692 S0 0Lk 0L 1961
z'evl 97299 - §'0 80 L34 9§ ot B {2 t'2s 5121 508 0961
0651 97D - 9°'0 0 ' 4 151 F413 0°59 bzl P X2 6561
FELT L7008 - o 't §°2 ry &9t | 4 89 § 6kl 0°622 BSET
581 2°656 - Lo 1 82 e ¥ 91 8fp 3 TR V1| 982 £561
8°581 2°866 - 9°0 21 Sz i'9 Ll 8 2’1 649 0182 9561
9'est  £75h01 - Tt 'l 4 S 0°91 ELT 1[4 60 2'062 5561
nw_._....u g“ 19308 (3w03.01
L] £ 14 4 t i

+7 ¥ +1 by EHEREH
+£ opt’ - - - - - . ke -Svm.v ._Svm.u -:...2..; _v:_vn.u 260" maoo. 1{6%
+£ 540 - - - - - [ 598" o9’ 26" 005" 600" [ mwco. 9461
+£ 199° - - - - _:um._ L8 (108 €y 898" 989" ol FLU R 113
2 j3r - e - - - Lir 6i9° 61E" 580" (41, 161" T#0"  ki61
2 6ES” - (lees) (teest) L d6est) 508 ots 52 ity 995" 880" €461
+ 699° = 1 8k2* :1 24 B¥Z" LN 018" 1 ({00 25¢° el Bl
+ ezl - 1 562" 0Kt et gez 1 B0S” 520" 1461
+b [N - 1 209" 1€6° Lun S6L° 681" "o il
+¥ BsL” - i 99¢° L [:10 g12° ps0° BSO’ 6961
+ KL - 1 16¢° id- [t7 Lz 50" 800" @961
L1 528" - 9r LN GEE" [ 0w 00" 1961
W 111 tir ﬂ:_—- 12%° 108 90" £lz” E50° 1007 4961
+ 1113 Uy 09" Loy’ 15€" (7N 890° 100" 5961
+ §258° 28" 859" fily 69%° 1+ 610" EDQ"  ¥95L
+r 1 1y 8" e’ ¥EF" 62’ 090" 100" E96¢
+ o0y - s¥e’ 41 g2 622’ 040" €00 2961
+ 9it’ - % 082" L 268" xne Lo’ 2007 1961
+F 962" - 1 fi:ty L1t 862" o0’ 4 900 0968
+H Ll - 1 185° i Sip* 2" 820" 10" 6561
" S50 = 1 89s* 18E" £Er L 190" e g6l
+ b - I F+1 65€ " F{ L [fa0 150" 001" 1561
LI BN [ 14 - 1 ¥e* ar2- 12¢ 960" o' 1£0° 9561
S68 " - 1 Lol 68" GET " on 950" 0" 5561

¥ mu P
Firaa {n3aa K001 ¥ I 01 [ § ¥ € z [ Ie3]
[p'0 = W) SesApeur uopiw|npdod (PRJALA HOJ) PIALAIP YH0FS AYRY JIA[)S

ULE JO JING ) 10 BX)S %5035 pue (4] saied Ayj wisoa Gupysid c9 31991

A9



-9 .

Table 7. Catch per tow (numbers} of age 0 and 1 Gulf of Maine silver hake
from USA autumn (strata 24, 26-30, 36-40) and spring (strata 21-30,
36-40) bottom trawl surveys and year class size {millions of fish)
at age 1 from the VPA.

Autumn Spring
Year survey survey VPA
class aga 0 ' age 1 age 1
19633 11.77 - : 456.1
1964 .15 - 332.6
1965 .47 - 171.0
1966 .11 - 96.0
1967 .02 0.07 86.8
1968 .59 6.02 63.2
1963 .43 3.83 83.1
1970 .33 3.13 76.4
1971 9.56 39.931 124.9
1972 3.28 2.191 142.6
1973 4,88 16.031 178.0
1974 8.62 50.291 137.9 2
1975 2.83 4.791 (129.6)2
1976 7.51 2.917 (213.8)2

2.95 2.07 {131.7}

1977

1;ﬁ\djusted from No. 41 trawl catches to equivalent No. 36 trawl catches
using a 6.20: 1 ratio.

26a1cu]ated from linear regression of autumn survey catch per tow at age 0
on VPA year-class size at age 1: Y = 78,6895 + 18.007X, r = 0.710.

3 . : .
Not used in calculation of linear regression because the survey value
is excessively low in comparisan to the year-class size.

Table 8. Projected catch (age 1+} in 1979 from the Gulf of Maine silver
hake stock, with fishing mortality ranging from 0.05 to 1.00.
Resulting stock size {age 2+) in 1980 and the percentage change
{by weight) from 1979 are also given. Al1 catch and stock size
values are in thousands of tons.

% change in
Fishing 1979 1980 stock from
mortality catch stock 1979
.05 1.9 72.3 +27.1
.10 3.6 70.3 +23.6
.15 5.4 68.5 +20.4
.20 7.0 66.7 +17.2
.25 8.6 65.0 +14.2
.30 10.1 63.3 +11.2
.35 : 11.5 61.8 + 8.6
.40 i2.9 60.3 + 6.0
.45 14.2 58.8 + 3.3
.50 15.5 57.5 + 1.1
.55 16.7 6.2 - 1.2
.60 17.9 54.9 - 3.5
.65 19.0 53.7 - 5.6
.70 20.1 52.6 - 7.6
.75 21.1 51.5 - 9.5
.80 22.1 50.5 -11.2
.85 23.1 49.5 -13.0
.90 24.0 48.5 -14.8
.95 24.9 47.6 -16.3
1.00 25.8 46.7 -17.9
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Figure 1. International catch, stock biomass (age 1+) from VYPA, 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 autumn {1963-77) and spring (1968-78)
bottom trawl surveys.
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Figure 3. Relationship between fishing mortality from VPA and fishing effort
expressed as USA days fished for the Gulf of Maine silver hake stock.
The 1971 value was not used in calculating the regression line.
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Figure 4. Relationship between year-class size at age 1 from VPA and USA autumn

survey catch-per-tow at age 0 for the Gulf of Maine silver hake stock.
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Figure 5. Gulf of Maine silver hake spawning stock biomass (age 2+} in 1955-78 and
abundance at age 1 of the 1954-77 year-classes. Open circles indicate
estimated year-class sizes.
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Figure 6. Relationship between spawning stock biomass (age'2+) and recruitment

{expressed as abundance at age 1) for the Gulf of Maine silver hake
stock. Open circles indicate estimated year-class sizes.
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