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Introduction

The silver hake (Merluccius bilinearis) stock of NAFO division
4VWX has had an extremely variable history during the past twenty
years. Catches have ranged from nearly 300,000 tomnes in 1973 to 3,000
tonnes in both 1967 and 1968. The last three years (1977-1979) have
seen a stabilization at approximately 50,000 tonnes. The provisional
catch for 1979 is 51,566.

Catches

Provisional catch statistics were taken from NAFO Circular Letters
(monthly), FLASH data system, and the Statistics Branch, Department of
Fisheries and Oceans, Canada (Table 1).

Catch-at-age

. Length frequency samples were collected on a weekly basis from May
until November by the International Observer Program. For March and
April (prior to commencement of IOP monitoring) Soviet samples have
been provided for ICNAF and are available. These samples were weighted
by month, ICNAF division 4W with sexes combined. The resulting
catch-at-length was broken down by an age-length-key provided by the
Aging Unit, Marine Fish Division, St. Andrews Biological Station, New
Brunswick, Canada.

The catch-at-age table (Table 2) is that used in the last
assessment (Clay, 1979) with the 1979 catch added.

Weight-at-age

The weight-at-age for ages 1 to 5 and 6+ have been calculated for
all years (1970-1979) (Table 3). These weights were multiplied by the
catch-at-age to give the catch biomass-at-age (Table 4). The total
catch biomass and the reported catch for each year are given on the
same table - the differences range from near zero for 1976 to 167 for
1972. These differences indicate the accuracy of the weight-at-age
data; the years 1970, 1971, 1973, 1974, 1976, 1977, and 1979 appear to
be good estimates, 1978 data are still provisional and will be updated,
and 1972 and 1975 have some yet to be identified error in their
estimates.




The oldest age group in 1978 and 1979 appears to be lighter at age
than the average prior to 1977. This may be due to more males
surviving to the 5 and 6 age classes than previously. Males with their
significantly slower growth would drop the mean weight of such an
age-class. There has also been a shift in weight-at-age for the 2 and
3 year olds in 1979. The point at which the biomass of a cohort gained
through growth equals the biomass lost through natural mortality has
dropped by one year. This drop has affected the yield-per-recruit and
s ggests heavier fishing will be necessary to remove the fish at
younger ages. It is important to note this observation is based on
only one years provisional data. For this reason the weight-at-age
used for this assessment is the average of those of 1976 to 1979.

Age 1 : 2 3 4 5 6+
Weight (kg) .050 .130 .200 .250 .315 .500

Natural Mortality

The natural mortality used in previous assessments (M = 0.4) was
based on work done by Terre and Mari (1977) on the earlier catch at age
table of Doubleday et al. (1976). As no better estimates were obtained
in preliminary tests of these data the same M was used this year as
last.

Virtual Population Analysis (VPA)

Arbitrary partial recruitments (PR) were applied to the last year
of fishing. From these, improved estimates of the PR were obtained and
the starting fishing mortalities (F) calculated from the effort - F
relationship of Clay (1979). This value of F was adjusted until the
relationship between F and effort (f) reached its highest value. The
final partial recruitment (normalized to 1 at the highest fishing
mortality) was then calculated for 1970-1978 data inclusive
(Figure la). The F table used for these calculations showed the PR
pattern in 1977 and 1978 has departed from the pattern of previous
years. An upwards shift of one year has occurred in the fully
recruited age groups. Taking this shift into account (Figure 1b) a
normalized partial recruitment (NPR) was chosen as follows:-

Age 1 2 3 4 5 6+
NPR 0.05 0.52 1.0 0.97 0.75 0.65

The results of the VPA are consistent with earlier years and the
projections made for 1979 by Clay (1979) (Table 5).

Validation of the VPA

The mean fishing mortality for ages 2 to 5 was plotted againmst
effort (f) (Figure 2). The regression was:

= 0.87 + 1 x1075 £ (r2 = 0.88, n = 10)
F(a-5)

The catch per unit effort (CPUE) estimated from that part of the
USSR fleet with Canadian observers on board was 2.2 tonnes per hour.
This is higher than the 1.5 tonnes per hour CPUE of 1978 (Clay, 1979).
The CPUE for 1979 gives an estimated effort of approximately 23,000
hours. This value puts the 1979 point for mean F of 2-5 year
olds at 0.27 and the fully recruited F for the PR's used at 0.33.

Thé fishable biomass of age 2+ (population numbers of Table 5
multiplied by the normalized partial recruitments) regressed against
t e CPUE in tonnes (Figure 3) gives the equation:-

CPUE = 1.3 + 1 x 1076 BIOMASS (2+), (r2 = 0.23, n = 10)




Yield Per Recruit

The yield per recruit (YPR) is 0.064 kg at a fully reqtuiﬁed
Fp.1 of 0:673. The Fpay is 2.09 with a YPR of 0.072 kg.

Recruitment

Prediction of future year-class strength has always proved
difficult to achieve. With silver hake, recruitment was the single
most important factor in catch projections. This is because two
year-classes (2 and 3) have generally made up over 75% of the catch -
composition and before 1976 age 2 fish made up approximately 70% of the
catch. Clay (1979)#used.a relationship between the natural logarithm
of squid nAumbers in any year to the number of one. year olds in the VPA
of the following year to predict recruitment. This relationship
appears to hold with the :
addition of the 1979 data (Figure 4). The equation is: -

(Pop1x10"6) = 2629 - 292 x (In squid nos. x 10'6),(1'2 = 0.82,n=8)

Note: - Either the 1972 population of age 1 fish or the 1971 estimate of
squid numbers appear to be anomolous to this relationship and
therefore they have not been included.

Catch Projection

The recruitment for 1980, predicted from the squid oaumbers of the
1979 groundfish cruise, will be 1.06 x 109 fish. Using this value, a
catch projection was run with the following parameters:-

Numbers-at-age (79) - Table 5

Catch-at-age (79) - Table 2

Weight-at-age see text
Partial recruitment - see text
Fo.1 - 0.67

M = 0.4

The results give a catch for 1980 of 98,000 tonnes (Table 6). To
indicate the effect of different levels of Fp.1 a series of catch
projections were run with F values between 0.4 and 1.4 (Figure 3). The
relationship between F and catch appears to be nearly linear up to an F
of 1.0.

Discussion

The catch projection for 1980 is 98,000 tonnes. This is higher
than the 65,000 tonnes resulting from the earlier projections of Clay
(1979) using a recruitment of 1.4 x 109 fish for 1979 and the actual
catch in.1979.  An increase appears warranted as the commercial CPUE is
up by one third indicating an increase in biomass and the partial
recruitment is shifting to the older age groups. The only note of
caution is the apparent reduction in population biomass with the inmput
recruitment over the next five years. Because of the shift in partial
recruitment away from the one year olds (see Table 4) the recruitment
now has less effect on the catch projection of the year in question.

In fact raising the recruitment by 13% only increased the projected
catch 0.6% (Figure 3). A series of projections indicate the level of
fishing required to stablize the catch (50,000 tonnes) at the predicted
recruitment level of 1.06 x 108 fish is an F = 0.3. Using 80,000
tonnes at an F = 0.5. Because of the relatively low recruitment
predicted for 1980 it would be advisable to set the total allowable
catch level at a conservative level of 80,000 tonnes (see Figure 6 for
typical results of different management strategies).



Acknowledgements

.

Dianne Beanlands assisted in the.calculations required for this
assessment. - The analyses were conducted using the APL assessment
packages of Rivard and Doubleday (1979) and Marshall (1978).

References

Clay, D. 1979. Silver hake (Meriuccius bilinearis) in Divisions 4VWX:
A stock assessment on an estimate of the total allowable catch for
1980." ICNAF Res. Doc. 79/VI/48.

Doubleday,:W.G., J.J.:Hunt, and R.G. Halliday. 1976. The. divisions
4YWX Silver hake fishery. ICNAF Res. Doc. 76/VI/59.

Marshall, W. 1978. APL programs for the assessment of exploited fish
stocks. CAFSAC Res. Doc. 78/12.

Rivard, D. and W.G. Doubleday. 1979. APL programs for stock-
‘assessment, including a sensitivity. analysis with respect to input
parameters. Fish. Mar. Serv. (Canada). Tech. Rept. 853.

Terre, J.J; and A. Mari. 1977. Preliminary estimates of natural
mortality for the Silver hake stock in ICNAF Division 4VWX. ~ ICNAF
Res. Doc. 77/V1/6.




utedg pue

puerod ‘AT1eal .hcmsuvu .mw& *pagd WoiJ soyo3led-£q 9yl sjudseadea Telo] - wWISLS uOTIRWIOJUI YSeTJ WOIJ UdYB] - q

*BpERUEB) WOIJ SI93aeyd Tejusudoaaap osaueder - e

995 1§ €9€ 182 768  996°C 9SE‘YT €vSLT SS6°TT ooaxw. 8 | 200°0L  STVIOL
4 ot ¥HHIO
\ T 'vsn

(®das)

- 001 HONVYA
0S _ [4 X4 S L €1 - NVAYL
6€9°Y _ 96 9¢1‘c  [8e‘¢ | . 0989 vIavotng
2L 09¢  8ST €L1 997 €8y 602 (X4 : 0L0°8 vend
0%6 ‘%Y _ €1L 96T L19°TT [6°%T €6°CTT 061°C - Ov6°yY ¥ssn
€51 N S TR 8 . oo0'0r  vavwo
STWIOL DHd -AON 100 das onv r NAC AVH ¥V AWK 31 NVE UOTIBIOTTV = A¥INNOD

. TeuotTieN .

(SANNOL) HOLVO MIVH 9IATIS

*$191397 1BTMOIT) JVNDI WoaJ (6L61) SOTISTIBAS YOIED TRUOTSTAOId ] STAEL




AT %8¢ %89 s 82% 065 <09 695 8ES 9¢¢ +9

B 11> nsT L€ L1€ 1z€ z6¢ S9€ 19¢ 19¢ 1€ S
0s2 81e 6.2 €12 9.2 £5¢€ €97 857 85T 152 9
86T 891 861 434 622 A €€T 761 L61 z81 €
991 00T 921 Ly1 €sT L1 821 €11 C 16T BRI 4
- £ (45 29 79 89 9 ss 9€ LS 1
6161 8L6T LL6T - 9L6T SL6T 7L61 ~ €L61 TL6l 26T oL61  Ie3k/38Y

ey. I2ATES XMAy 103 a8e 3¢ (8) 3ydr1eM Yo3I®d

a3ey I9ATTS XMAy 103 9Tqed o8e 3@ IuST3M € ST9EL

! . - © - +posn sem BIBP /61 OF €L61 Sursn 49y yiSuol o8e 1931SEW e ¢saeak 9s9yl 103 a1qeTTEAR Lo yiduol wwm ou

oveL 012ST  09€T 88z L E¥8LE 9YLE LTSYE zetst STYST 71521 +9
yTTLT $91sT 6% LT 1€€8 0108T L9101 66970 %919¢ 11082 822 S
85TZS zs9L€ 62291  T6T1Y €6sTy  wS8Y 58198 cogyg  6€TTI0T  S8LSTT v
BECE8 - S8YS8 18088  606€L 9LYEL yLSEOT  E9WSST $%0592 €18L2C €0L69€ €
co/c8 86669  9L€€8  1TT6SE  OELSTY  €L6TTY  680/8YT  TLZWES 28569¢€ 28608 T
.NmowH.a, 89%1e 8/0TT . £896ST ~ G1Z8%T  T8SSET  €689ST  WYLEST  enoonT #8%521 T
6L61 8L61 LL6T 9L61 SL61 761 c61 mﬁwmﬂ m ¥lL6T  x0L61  IeRR/8Y

.. ojqeyY ISATIS XMA¥ 103 (UST3 3O $,000,) SI12qunu Yo3IeH

’ -oyey I9ATIS XMAy 103 2Tqel @8e 3@ yoied -7 SIqEL




yo3en

996°1¢ 00Z°8Y 79L°S¢E %81°L6 98T°9T1 S%L°S6 179867 8%0‘%IT €59°871  S¥0°691 peixoday
192° 1S 069°Cy €69°SE 661°L6  TSSLZT  S9L°96 05,867 %I9°9€T €80°GZT  S€6°L9T V101l
86T #4986 8€€T 0€8¢€ 18661 6S1T 1880¢ 91%L 6€SL v§L9 . . +9
769S %6€9 £991 ovye 1886 686€ 10€91 968S %699 %846 S
€90€1 %128 €949 78011 SLLTT 91/1 62922 £1501 L8811 66201 Y
L0S91 €SEYT  0TTST 961LT 1LL91 891€C 6€£29¢€ YLEYT £8962 GE16C €
o0zl 8669 6€T101 789¢S 859€9 96696 7€606T 85899 11429 S%.901 4
LLL LT6 98 1L66 98%6 LL16 89/11 LSST1T 6099 7256 1
6L61 8161 LL61 9,61 GL6T %161 €L61 ZL61 1L61

ayey I9ATTS XMAy 103 °8e 3@ (YSTJ JO SOUUO}) SSEWOTH

0L61 1eax /a8y

<o3ey I9ATTS XMAY 103 91qe3 a%e e ssemotg 4 OTqel



88%°0 £96°0

%12°0 1e%°0 %81°0 786°0 0§L°0 99¢°0 0€6°0 %%9°0 +9
L%2C°0 1%8°0 €.0°0 976°0 TLL°0 €ET°0 (AR [4% 2] %6S°0 LTG0 S
0ce0 08C°0 %2C°0 0€6°0 ARER §60°0 6¢6°0 90L°0 086°0 6%8°0 ki
0€E"0 £92°0 %7€°0 SL%°0 co%°0 9YvL°0 LSO° 1 Z19°0 6%9°0 6¢L°0 €
¢L1°0 L%1°0 - 1I%1°0 096°0 8.8°0 108°0 9L L1 0¢6°0 | 66€°0 wmm.o 4
Wwo.o L20°0 S10°0 961°0 2110 €¢1°0 112°0 $60°0 LOT°0 L90°0 1
6L61 8L6T . LL61 onoa. "GL6T %L61 €L6T NNma TL6T1 0L61
ALTTVIION ONIHSIdA
68891.L¢C 6ST180¢€¢C 60€62CTC LY8TTLT 9TLYY6C §8€60.LC c69.LTLY 6YLSEYS 8008%1Y TLLEL0S TVICL
%60ST 8T€6T 91¢eY 96¢¢Cl S£086 ¥8¢€6 awwmq THs L omwwu L8807 +9
mmmmw 2T2S 080LY 8%791 TS96€ 09886 €6969 999201 91¥YL 961459 S
0£0622 £6£58T vSYL6 87€6TT 680%L 2059 9%20S7T ©78%861 - 149l L9%66C %
wmwmmm. am¢&¢q [A8 X432 999¢€C -02099¢ €9T€¢EC wamnu 105889 %8999S LSTIY8 €
WNwoqo Nmowaoﬂz 68LE9L 701866 7818¢8 L0888 611650¢ L8LS%01 1620L%1 6659¢€S1 4
mNANme. omowwm © 8S€0€6 68Iceel 8718991 IIGTIYI NOOwNoH oLLTLEE " G699€LT - '89TSYET 1
‘;mNmH 8L61 LL61 9L61 SL61 7L61 €L61 cL6l T1L61 0L61
| wumne:z uorjerndog
, “3Xe3 9Yy3l UT pa3isT] sasisweaed
oyl pue g oTqe] Jo °8e 3 yo3ed 2yl SBuysn o1qel L3Irreliow BuTYsTJ pue sasqunu uorazerndod 8yl °¢ 9Iqel




Table 6. The population, catch, and fishing mortalities from a catch projection
to 1983.

Note: In order to correct for the difference in weights—at-age and
the true weights the 1979 catch biomass must be divided into
51,566 (true catch) to provide a correction factor of 1.020.
All the catch biomass totals of this table -are then multiplied
by this correction factor to give the true values.

POPULATION NUMBERS

1979 1980 1981 1982 1983
1 1382129 1060000 1060000 1060000 1060000
2 640871 911307 687027 - 687027 687027
3 355833 861849 430488 324542 324542
4 229030 171479 123746 147219 110987
5 93933 111470 59839 43182 51373
6+ 15094 49160 45105 24213 17473
TOTAL 2716890 2665266 2406206 2286183 2251402
POPULATION BIOMASS
1979 1980 1981 1982 1983
1 69106 .45 53000.00 53000.00 53000.00 53000.00
2 83313.23 118469.97 89313.56 89313.56 89313.56
3 71166 .60 72369.89 86097.68 64908.35 64908.35
4 57257.50 42869.79 30936.41 36804.72 27746.78
5 29588.89 35112.98 - 18849.17 13602.26 - 16182.46
6+ 7547.00 24580.03 22552.74 12106.65 8736.60
TOTAL 317979.67 346402.66 300749.56 269735.53 259887.75
CATCH NUMBERS
1979 1980 1981 1982 .1983
1 18652 28942 28942 28942 28942
2 83765 224369 169150 169150 169150
3 83338 149342 177670 133944 133944
4 52258 69224 49955 59431 44804
5 17114 37024 19875 14343 17063
6+ 7240 14565 13364 7174 5177
TOTAL 262367 523465 458955 412983 399080
. CATCH BIOMASS )
1979 ) 1980 1981 1982 1983
1 933 1447 1447 1447 1447
2 10889 29168 21989 21989 - 21989
3 16668 29868 35534 26789 26789
4 13064 17306 12489 14858 11201
5 ) 5391 11663 6261 4518 5375
6+ 3620 7282 6682 3587 2588
TOTAL 50565 96734 84402 73188 69390
CORRECTED
TOTAL 51566 98648 86090 74651 70777
FISHING MORTALITY
1979 1980 1981 1982 1983.
1 0.017 0.034 0.034 0.034 0.034
2 0.172 0.350. ,  0.350 0.350 0.350
3 0.330 0.673 0.673 0.673 0.673
4 0.320 0.653 0.653 0.653 0.653
5 0.248 0.505 0.505 0.505 0.505
6+ 0

.835 ,10.437 0.437 0.437 0.437
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Fig. 2. Mean fishing mortality (F) for ages 2
to 5 against effort (f) at M = 0.4,
Regression is Y = (.087 + 0.00001X,
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Fig. 3. Yield per recruit (YPR) for silver hake with Fo.1
and Fmax Tevels indicated (solid 1ine). Catch projections
for various levels of F all other parameters
remaining equa1 (dotted line) and catch projections
for various recruitment levels all other parameters
remaining equal and F= 0.67 (broken line). »
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of one year old hake (estimated from VPA) one, year. later:
(The broken line represents.the position of the 1970 line).
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