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INTRODUCTION

In this year's assessment, a new catch-per-unit effort series was
developed that combined data for Canadian otter trawls and Spanish pair
trawls and a new method described in Schnute (1977) was used to derive
the equilibrium Shaefer curve. This stock remains in a critical state and
the recruitment relationship derived below implies that recovery may be
slow. For 1977, 10,600 mt were caught, over 50% over quota. The catch
per-unit-effort was quite high but the fishery has changed a great deal and
thus this figure may not be consistent with past figures. Optimism derived
from this piece of data could not be supported by the rest of the analysis.

Research Cruise Data

As always, the research cruise data continued to be highly variable.
The total number estimated from the 1977 survey is encouraging, if it is
believable, but the number of age one and two fish ,:found should cause
concern. Table 1 shows numbers estimated and mature Vs. GM regressions were

• run between the effort data developed below and the two Z series in Table 1.
The fit was not significant in either case and for both the intercept on the
Z axis was negative. Since the data implies a negative natural mortality, it
indicates a trend towards catching a higher percentage of available fish in
more recent years. This implies that we should be skeptical of increases in
estimated total numbers.

Nominal Catches

Tables 2 and 2a show the breakdown in nominal catch by country since
1966. Several features are important to note. Canada's portion of the catch
rose from about one third on average from 1966 to 1976 to almost 100%. This
and changes in mesh regulations in the silver hake and squid fisheries altered
the size and weight distribution of the catch. The end of the Spanish fishery,
also meant an end to the most reliable effort series for this stock.
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From 1973 to 1976, there were quotas on the stock that did not
appear to restrict catch. In 1977 the quota was restrictive but, for some
reason, catches above quota were allowed, in fact the catch was over 50%
above quota. This may be a conservative figure as it appears that the quota
caused some reporting of 4VsW cod as being caught in other areas.

Effort and Catch-per-Unit Effort

The standard catch-per-unit-effort figure used for the fishery in
the past was derived from data for Spanish pair trawls 150-500 tons (tonnage
class 4). With the end of Spanish involement in this fishery a new effort
figure had to be found. Since the Spanish catch usually accounted for at
least half the total prior to 1977 and their fishing was directed almost
exclusively towards cod, an effort index that ignores their fishery would
not be very representative. Hence it was decided to use a combined index of
three gears - Spanish pair trawls 150-500 tons, Canadian otter trawls 150-500
tons and Canadian otter trawls 500-1000 tons. These three gear classes
account for the most catch. Thus, the index should be fairly representative
of the catch though if the catchability of the three gears differs very much,
the combined CPUE figure may not correlate well with biomass. After looking
at many data series for the three gear classes, the catch-per-unit-effort
figures that were most consistent and comparable appeared to be total directed
catch in February and March divided by total directed effort in these months.
In most years these two months accounted for the highest proportion of the
catch though this has been changing since the Canadian inshore fishery, which
is concentrated later in the year, increased in importance as the total catch
decreased. These catch-per-unit-effort figures were combined as follows: To
standardize efficiency, each series was divided by the average of the series.
A weighted average was then taken across the three series using the amount
of directed catch for that gear class for the year. These figures are shown
in Table 3, along with the percentage of catch accounted for by the effort
series used and the number of standardized effort units.

A method of deriving standardized catch-per-unit effort figures
for a mixed fishery is given in Chikuni (1976). CPUE is regressed against
percent of the stock in the catch for each period. The points on the curve
corresponding to a constant percent are then taken as the CPUE series.
This method was tried for various subsets of the Canadian otter trawl data.
The only data that gave enough significant regressions was for tonnage class
5 in 4Vs from February to April. This series is included in Table 3 for
comparison.

Some features of the data in Table 3 should be noted. The Spanish
series shows more variation than any of the Canadian ones. This may be
because the Spanish fishery was directed almost exclusively to cod whereas the
Canadian fishery may be directed by chance and by what is available. The
abnormally high values in the Spanish series and final series for 1968 shows
up in various other series not presented here and to some extent in the 4Vs
series. This value is not consistent with other data. Less of the total catch
is accounted for by the effort used in recent years for two reasons. Though
catches have fallen, the catch taken by inshore gears has stayed fairly
constant (Table 4). At the same time in the otter trawl fishery as the
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amount of catch decreases more of the catch appears as bycatch from trips
directed at other species. The improvement in the CPUE in 1977 is partly
because the Spanish series ended in 1976 and partly because the CPUE in
1977 looked fairly good in most Canadian series.

In the last few years the longline catch has been a sizeable part of
the total. However, the availability of effort data for this gear is quite
variable and what data is available shows large fluctuations over even
relatively short periods. Thus longline CPUE was not included in the index.

Removal s--at-age

This year the sampling of this stock was improved though it is not
yet adequate. There were 19 commercial samples taken of the Canadian catch.
Of these, three were from longline catches and the rest from otter trawls.
Nine of the otter trawl:samples were taken in March, eleven in the first
quarter. There was not enough spread in the sampling to allow calculation of
removals by quarter. It would also be useful to obtain samples of the catch
of other gears.

Sampling of foreign catch was also improved this year thanks to our
international observer program. Length frequencies were available for the
bycatch to the USSR and Cuban -si.lver hake fisheries and the Japanese squid
fishery. The foreign catch was aged using the Canadian research vessel catch
age-length key. Catches from countries other than those previously mentioned
were waited up using samples for countries using similar gear.

Removals at age are shown in Table 5. The decrease in foreign catch
and changes in the silver hake fishery have caused a marked improvement in
the numbers of young fish removed. The mode of the catch is at 5 years of
age and this peak is more marked than previously. An added reason for this is
increase in percent of catch taken by longline. This appears to have added
to the change in the overall selection pattern.

Weights at age were also derived from these samples. The final figures
were smoothed using a von Bertalanffy curve. The only figures altered much by
this smoothing were in the oldest ages and were based on few data points. The
values derived were:

Age 	 1 	 2 	 3 	 4 	 5 	 6 	 7 	 8 	 9

Weight 	 .119 	 .362 	 .759 	 1.304 	 1.977 	 2.754 	 3.609 	 4.517 	 5.456

Age 	 10 	 11 	 12 	 13 	 14 	 15 	 16
Weight 6.405 7.350 8.277 	 9.175 10.039 10.862 11.640

These weights are bigger than those derived in past analyses and may indicate
density dependent growth.
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Catch versus Effort

A new method of deriving the equilibrium Shaefer cruve for a stock
is presented in Schnute (1977). This method developes equations for the
dynamics involved in the interaction between catch and effort and fits them
to the data. The parameters derived can then be used to derive the
equilibrium curve. For 4VsW cod the method worked reasonably well. The r 2
of the fit was .60 and the result is shown in Figure 1. The MSY is about
56,000 mt and the MSY effort is about 37,000 units. Figure 1 also shows the
results of two regressions of catch on effort.

In the 1960's the catch was around the MSY level except for the
anomalous 1968 point mentioned above. After that p rising effort pushed the
points away from the equilibrium curve. However, there was no initial rise
in catch as would be expected. This was probably due to the drop in
recruitment that started around 1967. In the past two years the points are
well below the curve indicating that the stock is not presently being over-
fished.

The Schnute analysis also provides a means of estimating next
years catch if effort is known. Predicted catch for given effort in 1978
is shown in Figure 2.

Cohort Analysis

A cohort analysis was run using the removals at age for ages 1-12.
Starting F's were adjusted until the GM regressions of, wêighted F vs effort
and biomass vs CPUE gave good correlationsand approximately went through
the origin. The resulting estimates of numbers-at--age and F's are given in
Tables 5 and 6.

The CPUE estimates the average biomass over the time period for
which the data is taken. Therefore the figures in Table 3 estimate the
average biomass during February and March. To estimate biomass at the start
of the year, the CPUE must be corrected. This was done as follows: If Z1
is the total mortality for Janaury and Z 2 is the total mortality for February

and March then,

CPUE = k . Bel. ( 1 - e -Z 2 )
Z2

So the biomass B is estimated by,

CPUE . e Zl ( Z2 )

1 - eZ2

Z2 was estimated by taking the proportion of catch taken in February and

March times the weighted F and adding it to 1/6 of M. F was estimated by



5.

taking 1/10 of the rest of F and 1/12 of M. Table 8 shows the
proportion of catch taken in February and March, the factor

e 	 ( 	 Z2 )
	

and the corrected CPUE.

1 - e -z 2

The plots of weighted F vs effort and biomass vs CPUE exhibit
some scatter. This is to be expected because, due to poor sampling in
recent years, there is probably quite a bit of variance in the estimates
of removals-at--age. The regression of effort vs WF gave the following
equation:

Effort = -2309 + 239248 WF
	

r = .89

In the regression of biomass on CPUE, two points were problems. These
were the 1968 and 1977 points. As discussed earlier, the 1968 CPUE is
unaccountably high. The 1977 point may indicate a change in the
relationship between biomass and CPUE due to change in the fishery. The
1968 point was left out of the regression and the resulting equation was:

Biomass = 6195 + 146,809 CPUE 	 r = .84

The amount of correction of numbers and F's that occurs during
the cohort analysis is proportional to the cumulated F's from the
starting value to the value at question. The relationship is discussed
in Pope (1972). Reasonable correction occurs with cumulated F's of about
3 and above. Table 9 shows cumulated F's for our analysis. This shows
that most of the values for 1972 and before are probably quite well
estimated.

Figure 3 shows the catch and biomass points found in the analysis
and an estimated equilibrium curve. The Schnute analysis does not estimate
the carrying capacity very well. But using the MSY from that analysis and
taking the biomass at MSY for the 1967 point in the cohort (since the
1967' point is approximately at the MSY point in Figure 1) a curve can
be estimated.

Recruitment

It is felt that the two major determinants of recruitment at age
one are mature population and the silver hake fishery that took small cod
as bycatch. In past analysis, a linear regression of numbers of ones vs
effort in the silver hake fishery was tried. In last years analysis the
correlation in this regression was low. However, the hypothesis of a
linear relationship does not make sense in the long run. If the silver
hake fishery does take many small cod and the recruitment is curtailed,
eventually the number: of mature cod will be affected and the recruitment
will stay low even if silver hake effort drops. The following equation
was postulated as an alternative.
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Number of ones = a . (4+ population previous year) b . (silver

hake effort) c

Effort for the silver hake fishery was an adjusted series obtained from
D. Clay (personnal communication, Table 10). The 1977 point was not used
because a firm effort figure is not yet available and the cod bycatch
selection in the fishery has changed markedly. The natural log of the
above equation was fitted by linear regression and the final equation was:

Number of ones = .000767 (4+ population previous year)
1.82

(silver hake effort) 26
	

r = .995

The mature population explained 84% of the variation but the remaining
variation is almost totally explained by the silver hake effort.

Figure 6 shows number of one year olds versus 4+ population the
year before. Both this figure and the regression give an increasing curve
with increasing slope. This relationship obviously cannot hold for all
levels of mature population. However, in this period the population has
been depressed and what we have fitted is just the lower portion of a
recruitment function. It is likely that the curve would level off at
higher population values. If this part of the recruitment curve is correct,
there is reason for some concern. Its shape implies that recruitment
rises very slowly as population improves if the population is very low.
Hence recovery may also be very slow.

Yield per Recruit

Yield per recruit calculations were done for the 1977 partial
recruitment and weights°at--age. The partial recruitment at present appears
to be .0004, .04, .2, .8, 1, 1, .9, .9, .9, .9, .9, .9. The present drop
in value at ages 1 and 2 is due to the reduction in foreign catch and
changes in the silver hake fishery. The peak at 5 and 6 year olds is
produced by the increase in the proportion of catch takenhby longline.
The analysis produced an 

Finax
 of .402 and an F01 of .236. The curve is

shown in Figure 7.

Projections

Projections were run with the 1977 population from the cohort
analysis, and the 1977 partial recruitment and weights-at-age. It was
hard to decide on recruitment because of changes in the silver hake
fishery. However, this has little affect upon projections of two or three
years and an average value of 20,000 was used. Because of the depressed
recruitment and slow recovery implied by the recruitment curve, the
population does not appear to be able to recover under F01 or 2/3 FMSY.

2/3 FMSY is .25, this value was derived from the WF vs effort curve and
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the MSY effort. Projections were run using .1 for 1978 (this will
give a catch equal to the quota) and values of .1, .236, and .25
thereafter. The results are shown in Table 11.

SUMMARY

The overall picture derivable from the data is that this stock
is still in trouble though it has stopped its decline and has stabilized
somewhat. Better recruitment may result from the changes in the silver
hake fishery but the recruitment function derived showed that recruitment
would still probably remain low until the number of mature fish improves.
To allow this improvement over the next few years it will be necessary
to keep F below 0.1. This would mean keeping the quota (catch and
bycatch) at 7000-7500 mt.

Again a plea is extended for improved sampling. Five or six
samples per quarter from each of the otter trawl and longline catches
and some samples from catches of other gears should be considered a
minimum level.
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TABLF 4: Div. 4Vs-W cod. Canadian nominal catches by otter trawls
and other gears.

Div. 4Vs Div. 4W

Year Trawls Other gear Trawls Other Gear

1958 4258 2092 4892 5731
59 4181 1286 7294 7308
60 1924 750 10228 5488
61 1135 136 12895 5531
62 1495 93 11762 4229
63 1258 34 7779 4063
64 2059 41 7324 4906
65 7366 106 10293 5338
66 6375 156 6614 4545
67 6729 132 6463 5140
68 9501 66 8367 6954
69 3539 51 4424 6174
70 3054 22 3596 5146
71 5826 41 4745 6452
72 9856 119 4732 5280
73 6397 77 4723 4731
74 4640 60 1343 4658
75 1815 72 3556 4496
76 3496 301 934 4836
77 2505 93 2270 5232

] NILE:: `i: 	 HE.AUVALS•-A I- AGE 	 ( .1N 7F113I.lS3AN11Si

	

I	 1966 	 1967 	 19613 	 1969 	 :1970 	 197:1. 	 1.972 	 1.973 	 1.974 	 :1971 	 1976 	 1977

	1 I 	 10` ti 	 206 	 9313 	 536 	 4336 	 1169 	 3.396 	 533. 	 557 	 674 	 35115 	 1
	1 	 6726 	 2057 	 6120 	 ;5420 	 34033 	 ,0 '.li'i 	 1376:1. 	 476 3 	 5 /0 	 37:50 	 19733 	 611

	

3 1 	 10269 	 413513 	 10990 	 401.0 	 55513 	 6634 	 13095 	 11111. 	 33614 	 4,32:1. 	 11360 	 :303
4 1 12660 7733 16616 .1.30 5 :1.4196 13065 12245 679292:1/ 3459 34113 31139
5 1 10139 9370 15245 10026 :1.3472 13449 923139 9441. 7024 4421 4/75 151.8

	

6 I 	 446.1 	 4338 	 13297 	 60/3 	 4539 	 10262 	 E37130 	 333113 	 27113 	 2536 	 2392 	 1305
	7 I 	 3256 	 1467 	 34132 	 2144 	 1.942 	 5160 	 3432 	 2979 	 944 	 2627 	 1426 	 401

	

E3 1 	 11190 	 1239 	 1395 	 510 	 759 	 1.11349 	 :1.919 	 1571.7 	 1320 	 607 	 609 	 156

	

9 I 	 3:356 	 664 	 3316 	 737 	 236 	 496 	 3513 	 :11.64 	 41.3 	 497 	 1.114 	 913

	

10 I 	 496 	 647361 	 `:i0 	 /21.341. 1.4 	 39 	 3 	 273 	 369 	 660 	 49 	 35
	11 1	 866 	 375 	 152 	 95 	 1.:37 	 13:1. 	 79 	 299 	 .35 	 :153 	 22

	

12 1 	 24 	 65 	 21.1. 	 531 	 S6 	 72 	 2 	 3 	 5 	 1.26 	 107 	 42

	

13 1 	 1.4 	 16	 33 	 I.? 	 Y 	 933 	 ;37 	 7 	 1) 	 36 	 1. 	 20

	

14 I 	 0 	 :i 	 1.7 	 2 	 12 	 12 	 0	 `.'i 	 1) 	 9 	 4 	 11
	15 I	 2 	 7 	 1 	 .. 	 4 	 61 	 :I 	 5 	 0 	 9 	 1 	 H

	

16 1 	 1 	 ._ 	 :10 	 2 	 3 	 17 	 :I. 	 :;10 	 0 	 .113 	 1. 	 9
1 `_21 .̀ 32999 641.84 40;!:32 449119 413304 :'1:371313 44950 54414 23903 173.82 4391



3ABL.E: 6: POPULATION NUMEIE:RS FROM COHORT ANALYSIS (IN THOUSANDS)

	

19c,6 	 196! 	 196E3 	 1969

	is 1 7".5 1.12914 	 74412 	 13(3803
108 116 1232x/ 92326 60075

	3 1	 :34 99 79960 99061 70052

	

4 1 	 50814 50084 61.076 '%1161
2'- Uri! 301443 34663 34970

	

6 1 	 `•'443 	 1134'8 	 .16205 	 1 1;_8`

	

74',3 	 /c1:? 	 5363 	 ,- '60

	

1 	 370" 	 :11.,.,1700 	 t }_'40

	

`? i 	 _'.353 	 15803 	 1 163

	

1•.' 1 	 i/s5 	 1.13:2 	 ?02 	 459
	11 I	 Y^IY 	 912 	 3:53 	 752
	12 I	 64 	 J74 	 502 	 355

143.11114 41.9554 387835 3441175

1970 	 1971

71336 7863;7
7:2336 5/968
46090 56027
`.:3726 32707
46449 31:1.4;,'.

51,9 2 51339
6447 	 1.1,'07
22/6 	 35''.1.

51,4 	 .1.8336
::c, "i 	 240
3:11. 	 119
121 	 147

31.9935 2991386

	

1972 	 1973 	 1974 	 1975 1976 1977

51622 45741 39404 20201 15710 18389
63613 46.366 36968 3175'7 15995 1254.1.
42006 44607 33651 2721232 22607 1'_306
3913633 27067 26467 19757 19427 14926

	

1.94£30 	 211162 	 160:35 	 13330 13046 11994

	

17I.Y 2 	 7344 	 911.1 	 6766 6913 6361

	

11870 	 6671 	 2722 	 5000 3237 3496

	

5079 	 6613 	 2/66 	 13'74 1716 1360

	

1.21.0 	 2422 	 2051 	 10/1 	 576 	 3354

	

3350 	 666 	 930 	 1305 	 427 	 305

	

93 	 340 	 299 	 428 	 472 	 305

	

4 	 h 	 a 	 231 	 212 	 366
259546 209604 170391 1233572 99338 84103

1i31'L_E 7: ('.16N1N13 MORTALITY FROM umaiw' ANALYSIS

I 1966 1967 1961 1969 1970 1971 1972. 	 1973 1974 1975 1976 19?7

I I	 .0011 .002 	 .01.4 .007  . 000 	 .012 	 .01'7 	 . 013 	 .016 .037 .026 .000

	

2 1 	 .07.3 .019 	 .076 .065 .055 	 .122 	 .1.55 	 .121 	 .104 .1.40 .14'7 .006

	

3 3 	 .168 .069 	 .131 .065 .1.43 	 .:1.40 	 .239 	 .322 	 .333 .192 .095 .030
4	 1	.32:.' .1134	 .3531 	 22/ .345 	 .3:3.0 	 .415 	 .325 	 .486	 215 .229 .060

I 	 .593 .421 	 .666 .3111 ,3116 	 .3,16 	 .749 	 .661. 	 .663 .457 .518 .150

	

6 1 	 .738 5,19 .834 .616 .296 	 .5713 .734 	 .019 .40O .536 .4132 .150

	

Ii5`.•' .``?:> 1.:'.44 .1:,30 .40 	 6:'.i.3 	 333!. 	 600 	 483 .3369 .667 .135

	

Li '.642 .569 	 .872 .606 .360 	 .13613 	 .1540 	 .971 	 .749 .670 .4933 .135
S 1 	 .514 .615 	 .959 .3911 .636 	 .424 	 .396 	 .757 	 .252 .720 .435' .1.35

	

10 I 	 .3130 .970 	 .1330 .1211 .362. 	 .744 	 .716 	 .603 	 .577 .1311 .136 .135

	

11 1 1.496 .461 	 .634 .5311 .612 3.607 2.734 3.5/5 	 .057 .503 .053 .135
12 I 	 .1525 . 5255` . 	.615 .625 .705,	 .765 	 .900 :I. .1)65 1.185 .900 .800 .135

	

Wf: I 	 .162 .102 	 .233 .149 .3130 	 .216 	 .21313 	 .306 	 .304 .2/6 . 255 .067

Table 8. Corrected catch-per-unit-effort.

	

Percent of Catch 	 Correction 	 Corrected
Year 	 taken in Feb. and Mar. factor 	 CPUE

1967 .293 .946 1.559

1968 .482 .904 2.109

1969 .496 .925 1.532

1970 .460 .919 1.298

1971 .414 .914 1.098

1972 .450 .893 1.121

1973 .344 .900 .821

1974 .293 .906 .598

1975 .281 .912 .576

1976 .246 .920 .654

1977 .199 .956 1.040

See text for explanation



	

ALL1; 93 	 CU1i1JL0TI1L F's

1966 196/ 19633 1969 19/0 :1971 1972 19/31974 1975 1976 19/7

1 1 3.962 4,049 3,1132 3.1130 2,695 2,049 1.354 	 .6139 	 .311 	 .214 .031 .000

	

2 I 5,0013 3.924 4,04/ 3,13113 3,173 2.697 2,036 1.336 	 .676 	 .295 .117 .006

	

3 I 4.1363 4.932 3.936 3,97) 3,/53 3,11.13 2,1365 1,11111 1,216 	 .572 .155 .030

	

4 1 H.36,1 4,696 4,1365 3.005 3 • 906 3.6:3.0 2.9/13 2.326 1 .559 	 .13113 .379 .060
5 1 0.192 0.045 4.512 4.500 3.2/11 3,561 3.292 2.5632,001 :3,0/3 .6611 .150
6 1 7.522 7.599 /,622 3. 846 4,327 3,3.92 3,204 2,543 1,902 1,3313 .61/ .350

3 3.693 6,331! 7,051) 6,19(3 3.730 :3,0.30 2,614 2,420 .3./23 1,202 .002 .135
S I 3.330 3.033 6,240 2, 71.16 6,260 2. .325 3,1711 2,229 1.740 1.240 .633 .135

	

9 I 2,6432,600 2.464 5.36/ 2,:ltI0 2,901) 1,926 2,633:3 1, . 2'J B 	 .990 .2/0 .132
10 I 1.456 2.121 2,073 3,506 4,769 4,54313.4/6 1,56(3 :1,3:3111 1,006 .211 .132

	

11 I 2.021 1.0;'6 1,159 1.243 1.3/? 4,40/ 3,799 4,/60 	 .95/ 1.30:3 .11133 .135
12 3 	 .525 	 .525 	 .615 	 .13 21, 	 ,/05 	 ,/65 	 .93)0 :1.0651 ,:1l:I5 	 .90(3 .130(3 .135

Table 10. Adjusted Silver hake Effort. 1

Year 	 Hours Fished

1966 46449

1967 4105

1968 25711

1969 40096

1970 82485

1971 103816

1972 70083

1973 127950

1974 94501

1975 96217

1976 45251

1977 7

1. D. Clay personal communication.
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TABLE 11, PROJECTIONS

POPULATION CATCH MATURE
YEAR No. x 10 -3 walcHT (MT) No. 	 x 10 -3 	WEIGHT (MT) F
1977 75934 97853 4351 10085 .15
1978 77985 102446 2842 7149 .10
1979 81122 111175 2843 7633 .10

6359 17003 .236
6700 17906 .25

1980 83730 119724 2967 8232 .10
80584 108950 6082 16429 .236

180280 107913 6352 17109 .25
1981 /85620 126295 3114 8747 .10

180299 106276 6022 15940 .236111 79813 104470 6254 16451 .25

Effort, X 10 -3 units
Fig.. Catch vs. Effort in adjusted units (see Table 3)



0

Cl
o 	'o

X
NN

0
C

0

L
0 0
r 	 X L

0
u ^

U

0 E
o 	 O •^

.^ A

CO
U

E
E

O
N
d

N

O
Q E

0

A

N

O

N

M

M

U.
p 	̂ CO 	 h 	 ^D 	 N 	 Q 	 M 	 N 	 '•+

e_ot X 1W gO;e3

0.

9

I

M WN
D

N
"'

,0 E
o=

C U

Ni U -0
O C
X

O
N ` c U

.2

L 0)

y C

U 30
a
L

^ ON.^
a aa^

N
O

U.

1w e01 x '4'iO Pel'453



100

75

p

50

O

25

0 	_.- 1 	 1 	 1 	 1 	 1 	 1 	 1

0	 0.05	 0.10	 0.15	 0.20	 0.25	 0.30	 0.35

Weighted F from cohort analysis

Figure 4. Weighted F vs. Effort.

250

200

0
x

ISO

rCO

100rC0

so

0

ed

ion
a + b x CUE
6195
146809
.84

5

CUE (adjusted for proportion of catch in Feb. and Mar.)
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CASFAC
Res. DDoc. 78/13
Addendum #1

4VsW Cod Assessment

TABLE 1. AGE DISTRIBUTIONS

Table la. Research Surveys

AGE 19771970 1971 1972 1973 1974 1975 1976

1 3.8 1.9 8.4 4..8 8.7 9.3 4.2 1.1
2 42.5 9.5 13.1 36.8 47.4 23.1 26.2 13.9
3 13.6 44.3 13.0 31.5 27.7 35.8 30.0 36.1
4 19.9 10.0 45.8 18.0 8.1 17.0 19.0 23.4
5 9.7 19.6 7.5 6.8 2.9 8.1 12.3 15.5
6 3.2 7.2 8.3 .6 3.2 	 . 1.9 2.4 6.7.
7 3.9 4.3 2.3 .9. .5 2.4 1.2 1.5
8 1.2 1.8 .7 .3 .8 .6 2.4 1.2
9 .3 .8 .7 .1 .3 1.2 - .3

10+ 1.8 .6 .2 .3 .5 .6. 2.2 .3

Table lb. Catch

AGE 1970 1971 1972 1973 1974 1975 1976 1977

1 1.1 1.8 1.7 1.2 1.6 2.8 2.1
2 7.8 12.5 15.4 10.6. 9.6 15.7 11.5 1.5
3 12.4 13.7 15.0 24.7 25.0 18.1 10.8 6.9
4 31.6 16.7 22.8 15.1 26.7 14.5 19.9 20.2
5 30.0 17.5 17.3 21.0 20.4 18.5. 27.8 34.5
6 10.1 21.2 16.3 8.5 7..9 10.6 13.9 18.3
7 4.3 10.7 6.4 6.6 2.7 11.0 8.3 9.1
8 1.7 3.8 3.6 8.3 3.8 2.5 3.5 3.5
9 .6 1.0 .7 2.6. 1.2 2.1 1.1 2.2

10+ .7 1.0 1.0 1.4 1.1 4..2 1.1 3.6

Table lc. VPA Numbers

1 .223 .262 .222 .218 .231 .193 .151 .209
2 .226 .193 .245 .221 .217 .237 .198 .143
3 .144 .187 .162 .213 .197 .203 .218 .171
4 .168 .109 .154 .129 .155 .147 .177 .192
5 .145 .104 .075 .103 .094 .099 .126 .137
6 .061 .086 .069 .036 .053 .050 .067 .072
7 .020 .040 .046 .032 .016 .037 .031 .040
8 .009 .012 .020 .032 .016 .010 .017 .015
9 .002 .005 .005 .012 .012 .008 .006 .010

10 .001 .001 .003 .003 .005 .010 .004 .003
11 .001 - - .002 .002 .003 .005 .003
12 - - - - .002 .002 .004



POPULRTI I . NUMDERS

	I	 19►'•6 	 1967 	 1968 	 1969 	 1970 	 +71 	 1972 	 1973 	 1974 	 1"75 	 1976 1977
--------------------------------------

1 1 151725 112994 74412 88833 71336 7: ;57 57622 4.5741 39404 25323 15710 18389
2 1105106 123267 923226 60075 72286 5 +65 63613 46366 36968 31757 20532 12541
3 1 73499 79968 99061 70052 46090 51 127 42006 44607 •33651 27282 22607 15020
4 1 50814 50884 61076 71161 53726 3: '07 39868. 27067 26467 19757 13427 16826
5 1 25062 30148 34663 34978 46449 3 .42 19480 21562 16015 13337 13046 11594

	6 1	 9446 11345 16205 14535 19559 2; 139 17852 7544 9111 	 6756 6913 6361
	7 I	 7453 3697 5363 5760 6447 1 ;07 11370 6671 2722 5000 3237 3-%

	

6 I 	 3709 31% 	 1700 	 1240 2776 : 521 	 5079 6613 2766 	 1374 	 1716 13_•0

	

9 1 	 2353 1598 1463 	 562 	 554 	 :86 1210 2422 2051 	 1071 	 576 3 54

	

10 I 	 1735 1152 	 707 	 459	 262 	 40 	 850 	 666 	 933 	 1305 	 427 305

	

it I 	 949 	 972	 353 	 252 	 331 	 .49 	 93 	 340 	 299 	 428 	 472 305

	

12 1 	 64 	 174 	 502 	 155 	 121 	 47 	 4 	 5 	 3 	 231 	 212 366
1 431914 419354 337835 348175 319935 29` :86 259546 209604 170391 134113 103874 87317

FISHI G 11ORTALITY

1 1966 1 967 1968 1969 197E
- ---------------_.------------
i 1 .009 .002 .014 .007 •00€

i .073 .019 .076 .065 .05:
3 I .168 .069 •t31 .063 .14::
4 1 .322 .184 .358 .227 .34^
5 1 .593 .421 •666 •381 •33E
►6 I .738 .549 .834 .616 •290
7 1 .659 .577 1.264 .530 .40`
8 1 .642 •569 .872 .606 •36E
9 I .514 .615 .959 .598 .63t
10 I .380 .970 .830 •128 .36:
11 1 1.496 .461 .634 •538 •611
12 1 .525 .525 .615 •525 .70`.

1 .162 .102 .233 .149 •18€

TABLE 2. New YPA, Partial Recruitment

1971 1972 1973 1974 1975 1976 1977

.012 .017 _.013 .016 .029 .025 .000

.122 .155 .121 .104 .140 .113 .006

.140 .239 .322 .333 .192 .095 .022

.318 .415 .325 .436 .215 .229 .060

.356 .749 .661 .663 .457 •313 .150

.578 .734 .819 .400 .536 .482 .150

.652 .335 •680 .483 •869 .667 .135

.368 .540 •971 .749 •670 .493 .135

.424 .396 .757 .252 .720 .435 .135

.744 .716 .603 .57? .318 .136 .135
3.507 2.734 3.575 .057 .503 .053 .135
.765 .900 1.065 1.185 .9043 .800 .135
.216 .288 .306 .277 .238 .219 .058

.0004, .04, .15. .4. 1, 1. .9. .9 .......

Table 3. Weighted F an Fishable Biomass

YEAR WEIGF _D F 1 FISHABLE BIOMASS (MT) 2

1966 .391 153,036
67 .33C 156,731
68 •49C 159,238
69 .315 146,273

1970 .307 179,509

71 .394 130,867
72 .46E 135,011

73 .521 103,754

74 .441 97,882

1975 .385 74,486
76 .364 68,631

77 .11E 78,986

1 weight F weighted using ca :h.

2fishable biomass vs partial recruitment of
.0004, .04, .15, .4, 1, 1. 3..9....... in 1977

.02, 	 .14, .25, .5. 1. 1 . 	 ..............before
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Table 4. 	 Projections.

A. Constant Recruitment (20,000)
quota in 1978
2/3 F

MSY after

Year Mature 	 FPop 	 N Pop 	 Wt Catch 	 N Catch 	 Wt

1977 87817 111242.12 4351 10084.50 .1500
1978 87714 119527.84 2780 7000.16 .0871
1979 89141 131190.14 7528 20980.70 .2500
1980 86098 126188.69 6555 19469.94 •.2500
1981 84392 121086.29 6147 18367.70 .2500
1982 83354 116768.38 5979 17630.30 .2500
1983 82515 111895.45 5832 16755.26 .2500
1984 81901 107595.21 5720 15967.02 .2500
1985 81410 103574.03 5630 15229.94 .2500
1986 81099 100744.94 5573 14711.38 .2500

B. Recruitment: 20,000 in 1978, 1979, 1980
25,000 after

quota in 1974
2/3 FMSY after

Year Pop 	 N Pop 	 Wt Catch 	 N Catch 	 Wt Mature 	 F

1977 87817 111242.12 4351 10084.50 .1500
1978 87714 119527.84 2780 7000.16 .0871
1979 89141 131190.14 7528 20980.70 .2500
1980 86098 126188.69 6555 19469.94 .2500
1981 89392 121675.98 6147 18367.75 .2500
1982 92447 118829.53 6017 17643.63 .2500
1983 94926 116459.83 5980 16852.14 .2500
1984 96929 115550.29 6094 16356.84 .2500
1985 98376 115337.70 6394 16386.50 .2500
1986 99301 115891.36 6586 16548.94 .2500

C. Constant Recruitment (20,000)
Constant quota of 7,000 mt

Year 	Pop N	 Pop Wt 	 . Catch N 	 Catch Wt 	 Mature F

1977 87817 111242.12 4351 10084.50 .1500
1978 87714 119527.84 2780 7000.16 .0871
1979 89141 131190.14 2499 7000.12 .0775

1980 90601 142239.63 2285 7000.09 .0724
1981 91845 151045.42 2183 7000.07 .0679
1982 92893 158553.82 2120 7000.06 .0639
1983 93482 162425.93 2091 7000.06 .0620
1984 93733 163643.72 2086 7000.06 .0615
1985 93533 161044.47 2114 7000.06 .0626
1986 93106 	 . 156576.83 2162 7000.06 .0647

D. Recruitment: 20,000 in 1978, 1979, 1980
25,000 after

Constant quota of 7.000 mt

Year Pop 	 N Pop 	 Wt Catch 	 N Catch 	 Wt Mature 	 F

1977 87817 111242.12 4351 10084.50 .1500
1978 87714 119527.84 2780 7000.16 .0871
1979 89141 131190.14 2499 7000.12 .0775
1980 90601 142239.63 2285 7000.09 .0724
1981 96845 151635.11 2183 7000.07 .0679

1982 101987 160615.09 2128 7000.06 .0638

1983 105919 167012.99 2121 7000.06 .0618

1984 108888 171770.55 2151 7000.05 .0605

1985 110881 173529.72 2224 7000.05 .0596

1986 112204 173948.27 2281 7000.05 .0592
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Fig. 2. Weighted F vs. Effort
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Fig. 3.3. Fishable biomass vs. CPIJE.
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