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Abstract

The TAC of 16,000 t in 1979 was not achieved, with only 11,000 t being
landed. An analytical assessment of this stock was carried out and a number of
regressions run in order to determine the best terminal F. Although no one
regression series proved conclusive, the overall indication was that a terminal
F of 0.10 was most appropriate. Projections suggested a TAC of 18,000 t in 1981
fishing at the F0.1 level of 0.146. Research surveys in 1979 indicated
the higher than average abundance of several length groups that will be
available to the commercial fishery in the near future.

Resume

Le contingent de 16 000 t de sebaste pour 1979 n'a pas ete atteint, les
prises n'ayant ete que de 11 000 t. On a fait une evaluation analytique de ce
stock et essaye plusieurs regressions afin de determiner le meilleur F terminal.
Bien qu'aucune regression n'ait donne de resultat conclusif, un F terminal de
0,1 semble le plus approprie. Les projections pour 1981 suggerent un TPA de 18
000 t a FO 1 de 0,146. Des releves par navire de recherche en 1979
indiquent la presence de plusieurs classes d'age abondantes qui rallieront le
stock dont disposera la peche commerciale dans un avenir prochain.
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INTRODUCTION

As a result of poor recruitment in the mid-1960's, the 3P redfish stock has

shown a decline which resulted in the lowering of the TAC from 25,000 MT in 1974

to 11,000 MT in 1979. Based on an assessment presented to CAFSAC in 1979

(Atkinson et al. 1979) which indicated the recruitment of several strong year-

classes (aged 7-12) into the fishery, the 1979 TAC was raised to 16,000 MT and

was set at 18,000 MT for 1980. This paper presents an update of the assessment

of this stock.

METHODS AND RESULTS

Trends in catch and catch per'unit effort

Catch per hour was calculated using Canadian (Nfld.) tonnage class 4 (OTB1)

as the standard and all catches comprising > 50% redfish were used (Table 1).

Nominal catches rose from 9700 MT in 1961 to a high of 37,000 MT in 1970

but since then declined to 11,000 MT in 1979 (with a minor peak of 28,000 MT in

1975) (Fig. 1). Catch rates, after rising to 0.91 MT per hour in 1965, have

declined steadily to 0.36 MT per hour in 1979. The amount of effort has fluctuated,

increasing to a high of 56,000 standard hours in 1975 and subsequently decreasing

to 30,000 standard hours in 1979,
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Numbers at age

As in the past, commercial length frequencies and age/length keys were applied

to the total reported commercial catch to determine the numbers caught at age.

These calculations were done separately for males and females then combined for

the cohort run. The resulting catch matrix for 1973-1979 can be seen in Table 2.

Weight at age

The average weight at age was calculated from the commercial age/length keys

from 1974 to 1979 using the following:

2.9543
Wtmal e = 0.1659,e

3.0210
Wt femal e = 0.1372.E

The resulting weights at age from each key were then averaged and smoothed (a+2b+c
4 	

)

to obtain the resulting vector (males and females combined) (Table 3).

Partial recruitment

Partial recruitment was calculated by comparing the numbers caught at age

(ages 5-18, sexes combined) in the commercial fishery (expressed as a percent of

the total number caught in this age range) with the numbers caught at age (ages 5-18,

sexes combined) per standard tow during a research cruise in the spring of 1979

(again expressed as a percent). Ratios of the percent commercial to the percent

research (at age) were calculated and averaged over 3 ages. The partial recruitment

vector was determined by assuming that all fish aged 14 and over are fully recruited

and by calculating the percent recruited at the younger ages. The resulting vector

can be seen in Table 3.
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Terminal fishing mortality

Attempts to establish the terminal fishing mortality were carried out in a

number of ways. Linear regressions of biomass (ages 14-29, 10-29 and 6-29) on

CPUE were run from 1973-1979 in order to check the coefficient of correlation

(Table 4). Similar regressions were run from 1973-1978 in order to determine

which curve would best predict the 1979 biomass given the 1979 CPUE. These

results are summarized in Table 5.

The CPUE was converted from MT/hr to numbers/hr and two sets of regressions

were run as above. These are summarized in Tables 6 and 7.

Linear regressions were run of numbers from cohort (ages 6-19) on numbers

per tow from research surveys (ages 6-19, 1974-1978, 1979). These results are

shown in Tab1^. 8.

Finally, regressions were run of total F (ages 6-28, 10-28 and 14-28) on

effort and these results are shown in Tables 9 and 10.

The final method used was a comparison of Paloheimo ZLs with the Vs

calculated from cohort (Winters, personal comm.). The method used is as

follows: Paloheimo Z's were calculated between 1977 and 1979 (ages 14-27 and

16-29) to obtain a two-year estimate of Z. A comparable estimate (two-year) of

Z was obtained from cohort runs using the formula

Z77 + 2Z
78 + Z79
2

The results are summarized in Table 11.

The regressions of biomass on CPUE do not give any clear indication of a

suitable terminal F. Similarly regressions of numbers on CPUE don't suggest a

terminal F except that in Table 7 the prediction error changes from negative to

positive between Fts of 0.05 and 0.10 for ages 10-29 perhaps suggesting that the

terminal F lies in this range. The results in Table.8 can be considered to be

totally unreliable as the slopes are all negative. These results are due to the
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fact that the research cruises have not consistently fished all the

strata in 3P. The regressions of F on effort suggest a terminal F of

0.10 based upon the coefficient of correlation (Table 9, ages 10-28)

and also based upon the closeness of prediction (Table 10, ages 14-28).

The final method tried suggests a terminal F slightly below 0.15

(Table 11).

From the above , it would appear that terminal F lies between

approximately 0.075 and 0.15. In 1979 a terminal F of 0.15 was accepted

and the projections carried out with F 01 of 0.145. This resulted in a

suggested TAC for 1979 of 16,000 MT. In 1979, however, only 11,000 MT

were caught and if the 1979 cohort and projection are accepted as being

reasonably correct, the terminal F would be below 0.145, probably in the

area of 0.10. A cohort run with terminal F of 0.10 is shown in Table 12.

Table 13 and Fig. 2 show the yield per recruit curve using the method of

Thompson and Bell (1934). Projections at terminal F of 0.10 were done in

two ways. First the *1980 TAC was entered for 1980 and F0 . 1 for 1981 and

second, F01 was input for 1980 and 1981. In both runs the geometric mean of

age 6 fish determined from cohort was used for recruitment. The results of

the projections can be seen in Table 14.

Abundance indices

Commercial length frequencies indicate that the fishery was concentrated

on 20-30 cm length groups for both sexes early in the year but as the year progressed.

fish 30-40 cm came to predominate (Fig. 3). This shift may have occurred as-a result

of a shift in fishing pattern by the vessel captains who voluntarily avoided

fishing in the areas where concentrations of the smaller fish were found

(north of Burgeo Bank and the Hermitage Channel Area).
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The numbers caught per standard tow in 1978 and 1979 both indicate a

predominance of younger fish which are barely large enough to enter the

commercial fishery (i.e. under age 10) (Fig. 4).

Length frequencies from research cruises for certain strata (Fig. 5) fished

consistently from 1974-1979 indicate the presence of several strong length groups

in the Hermitage Channel Area and north of Burgeo Bank --that will beavailable.to

the fishery in the near future (Fig. 6, 7). In the south also are present fish

18-26 cm (Fig. 8, 9) which will soon be available to the commercial fishery

although there is no indication of their presence in this area as smaller fish

and thus it may be postulated that they migrate here from other areas at this

size.

REFERENCES

Atkinson, D.B., McKone, W.D., and W.E. Legge. Assessment of 3P Redfish.
CAFSAC Res. Doc. 79/42.

Thompson, W.F., and F.H. Bell, 1934. Biological Statistics of the Pacific
Halibut Fishery. 2. Effect of Changes in Intensity upon Total Yield
and Yield per Unit of. Gear. Rep. Int. Fish. (Pacific Halibut) Comm. 8:
49 p.
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Table 1. Catch, effort (standard) and catch per
unit effort for 3P redfish 1960-1979.

Year 	 Catch 	 CPUE 	 Effort 	 Effort

	

(MT) 	 hr. 	 (10 yr. ay.)

1960 9,225 0.573 16,099

1961 9,776 0.611 16,000

1962 13,439 0.512 26,248

1963 13,747 0.682 20,157

1964 13,807 0.692 19,952 11,777

1965 18,733 0.905 20,699 13,376

1966 20,868 0.874 23,876 15,443

1967 32,991 0.804 41,034 19,307

1968 13,884 0.780 17,800 20,701

1969 32,051 0.736 43,458 24,541

1970 37,270 0.707 52,716 28,203

1971 27,500 0.619 44,426 31,046

1972 26,037 0.679 38,346 32,255

1973 18,368 0.612 30,013 33,241

1974 22,158 0.494 44,851 35,731

1975 28,250 0.508 55,610 39,222

1976 19,167 0.510 37,582 40,593

1977 17,163 0.416 41,257 40,615

1978 15,005 0.381 39,383 42,764

1979* 10,655 0.356 29,930 41,438

*Provisional
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AGE MEAN WEIGHT PROPORTION RECRUITED
(GMS)

6 105.00 .050
7 142.00 .090
8 177.00 .150
9 213.00 .210

10 247.00 .270
11 286.00 . 380
12 331.00 .600
13 369.00 .830
14 406.00 1.000
15 445.00 11000
16 481,00 1.000
17 516.00 1.000
18 553.00 1.000
19 587.00 1,000
20 621.00 1.000
21 657.00 1.000
22 688.00 1.000
23 724.00 1.000
24 770.00 1.000
25 816.00 1.000
26 865.00 1.000
27 913.00 1.000
28 948.00 1.000
29 985,00 1.000

NATURAL MORTALITY RATE IS .100

Table 3. PartThl cruitrert vector ane average weight at
age used in cohort and projections for 3P redfish. (sexes
combined l.
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Table 4. Coefficient of correlation from regressions of biomass (cohort)
on CPUE (MT/hr) for 1973-79.

r2 for biomass on CPUE (1973-79)

Terminal 2.6-29 2 10-29
r
2 	

14-29
F Sloper r 	 Slope Slope

0.05 .7068 	 - .7420 	 + .8561 +

0.10 .0269 	 + .8156 	 + .8530 +

0.15 .6450 	 + .8310 	 + .8517 +

0.20 .7677 	 + .8372 	 + .8509 +

Table 5. Coefficients of correlation from regressions of biomass (cohort) on
CPUE (MT/hr) for 1973-78 and the closeness of the prediction of 1979 biomass.

r2 and prediction error (%)

Terminal 	 6-29 	 10-29 	 14-29

F 	 r2 	 % 	 Slope r2 	% Slope	 r2 	% Slope

.05 .5784 -9.3 - 	 .7631 -10.7 	 + .7947 +4.8 	 +

.10 .1384 -7.3 + 	 .7800 - 8.8 	 + .7927 +6.6 	 +

.15 .6183 -5.5 + 	 .7847 -7.0 	 + .7918 +8.4 	 +

.20 .7135 -3.6 + 	 .7869 -5.3 	 + .7913 +10.1 	 +
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Table 6. Coefficients of correlation from regressions of numbers (cohort)
on CPUE (no/hr)_ for 1973-79.

r2 for numbers on CPUE (1973-79)

Terminal
F

2 6-29 2 10-29 2 14-29
r 	 Slope r 	 Slope r Slope

0.05 .1745 	 - .4147 	 + .3458 +

0.10 .1255 	 - .4367 	 + .3576 +

0.15 .0579 	 - .4308 	 + .3622 +

0.20 .0002 	 - .4254 	 + .3646 +

Table 7. Coefficients of correlation from regressions of numbers (cohort) on CPUE
(no/hr) for 1973-1978 and the closeness of the prediction of 1979 numbers.

r2 and prediction error (%)

Terminal 6-29 10-29 14-29

F r2 % 	 Slope .; 	 r2 - .% Slope:,. r 2 % Slope

0.05 .0888 - 27.5 	 - .4481 - 8.9 + .2585 + 41.3 +

0.10 .0518 -	 21.1 	 - .3871 + 7.4 + .2721 + 67.9 +

0.15 .0123 - 14.8 	 - .3661 +23.2 + .2774 + 93.3 +

0.20 .0087 - 	 8.6 	 + .3551 +38.5 + .2803 +117.5 +
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Table 8. Coefficients of correlation from regressions of numbers (cohort, ages 6-19)
on numbers per standard tow (research, ages 6-19) for 1974-1979 and for 1974-1978 with
closeness of prediction for 1979 numbers.

r2 for numbers (cohort) on numbers/tow (research)

Terminal 	 1974-1979 	 1974-1978

F 	 r2 	 Slope: 	 r2 	 % 	 Slope

	

0.05 	 .8759 	 - 	 .8520 	 -8.8 	 -

	

0.10 	 .8812 	 - 	 .8559 	 -5.9 	 -

	

0.15 	 .8795 	 - 	 .8524 	 -3.0 	 -

	

0.20 	 .8593 	 - 	 .8323 	 -0.2 	 -

Table 9. Coefficients of correlation from regressions of F
(cohort) on effort for 1973-1979.

r2 for F on f (1973-1979)

	

Terminal 	 6-28 	 10-28 	 14-28

F 	 r2 	 Slope 	 r2 	 Slope 	 r2 	 Slope

0.05 .3390 + 	 .7566 + 	 .6463 	 +

0.10 .4600 + 	 .8115 + 	 .6271, 	 +

0.15 .5596 + 	 .7206 + 	 .4899 	 +

0.20 .6385 + 	 .5598 + 	 .3944 	 +
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Table 10. Coefficients of correlation from regressions of F (cohort)
on effort for 1973-1978 and closeness of prediction of 1979 F.

r2 and prediction effor (%)

Terminal 	 6-28 	 10-28 	 14-28

F 	 r2 	 % 	 Slope 	 r2 	 % 	 Slope 	 r2 	 % 	 Slope

0.05 .1956 +120.9 	 + .7476 +68.8 	 + .5415 +23.1 	 +

0.10 .3206 +73.5 	 + .7974 +39.7 	 + .5549 +1.4 	 +

0.15 .4351 +47.2 	 + .6330 +22.9 	 + .4813 -7.8 	 +

0.20 .5320 +33.2 	 + .4611 +9.1 	 + .3944 -20.5 	 +

Table 11. Paloheimo Z's and Z's from cohort (2 yr) (1977-1979)

Terminal 	 Z from cohort 	 PZ
F

	

0.05 	 0.32

	

0.10 	 0.43
0.50

	

0.15 	 0.53

	

0.20 	 0.62
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Table 1 3 	 SUMMARY OF YIELD PER RECRUIT CALCULATED FROM
PARTIAL RECRUITMENT AND AVERAGE WEIGHT AT AGE
OVER AGES 6 TO 29

F 	 Y/R(KC)

.0Q1 0026

.0S0 .&886

.10O .i281

.1SO .i463

.200 .i549

.250 .159i

.300 .l6ll

.350 .i6i9

.400 .1621

.450 .16i9

.500 .i6l5

.558 .i618

.600 .l6U4

.650 .1S97

.700 .1591

.7S0 .t584

.8O0 .l57?

.85W .tS70

.9OW .i563

.95O .15S7
l.000 .i550
i.050 .1544
1.100 .i537
1.150 .1531
1.200 .152S
1.250 .15i9
1.300 .1514
1.358 .i508
1.400 .1SO2
1.450 .1497
1.500 .1492
1.550 .1487
i.600 .1482
1.650 .147
i.700 .1472
1.7S0 .1468
1.800 .1463
1.858 .1459
1.900 .1454
i.950 .1450
2.000 .1446

FO.t IS .1460
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3P
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Fig. 7. Redfish research frequencies for selected 3P strata
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