-NOT TC BE CITED WITHOUT PRIOR
REFERENCE TO THE AUTHOR(S)

Northwest Atlantic Fisheries Organization

Serial No. Ni8(2 ' . . NAFO SCR Doc. 90/80

SCIENTIFIC CQUNCIL MEETING -JUNE 1980

An Asgeasment of the American Plaice Stock in Divisions 3LNO

by

W. B. Brodie, W. R. Bowering, and J. W. Baird

Department of Fisheries and Oceans, S$cience Branch
. P. O. Box 5667, St. John's, Newfoundland, Canada AlC 5X1

TAC regulation

This stock has been under TAC regulation since 1973 vhen a TAC of 60,000 t was
established. From 1973 to 1987, the TAC varied between 47,000 and 60,000 t. However, in
1988, the TAC was set at 33,585 t, following a marked decline in stock abundance. In 1989 and
1990 the TAC was set at 30,300 t and 24,900 t respectively.

Catch trends

Catches from 1960 to 1989 and TAC’s from 1973 to 1990 are shown in Table 1, From Fig. 1,
it can be seen that the nominal catch peaked at 94,000 t in 1967, was relatively stable around
45,000-50,000 t in the 1973-82 period, then declined to about 39,000 v in 1983-8B4. Catches
then increased, with the 1986 value of 65,000 t being the highest since 1971. Recent catches
have declined to about 42,000 t, with the Canadian catches in 1988 and 1989 of around 27,000 t
being the lowest by this country since 1963.

From 1977 to 1982, the catch was taken almost exclusively by Canadian vessels, but the
catch by other nations increased from about 1400 t in 1982 to 31,000 t in 1986, as nev freezer
trawler fisheries for A. plaice began in the NAFO Regulatory Area (Table 2). Catches by these
fleets have also declined in recent years, to about 15,000 t in 1988-89. Catches by Portugal
alone have declined from over 9,000 t in 1986 to about 600 ¢ in 1989 (Table 2).

Since the last assessment of this stock in 1989, final catch statistics have become
available for 1986 and 1987 and revised estimates of catch by non-member countries were
also available. As a result, revisions to the catches for 1984-8B8 wvere necessary. For
1984-85, the changes were less than 1B0 t each year, but for 1986 amounted to an upward
revision of 1,680 t. For 1987 and 1988, the catches were increased by 2319 t and 3369 t
respectively. The corrections for 1986-88 were due to revised estimates of the South Korean
catch from breakdowns of unspecified flounder catches reported to NAFO. For 1982-84, a ratio
of 60% yellowtall and 40X A. plaice was assumed in the 5. Korean catches of unspecified
flounder, but for 1985.88, the actual ratios of catches of flatfish reported by species wvas
used to adjust the unspecified flounder catches. A catch of 3000 t, similar to the 1987-88
levels, was assumed for 1989. Estimates from surveillance for catches by other nonmember
nations were not available for 1989, so it was assumed that flounder catches vere minimal,
which was the case in 1987-88, as these fleets directed at redfish.

Table 3 indicates that the catch in Div. 3L in 1988-89 declined to the lowvest level since
1975. In Div. 3N, catches in 1987-89 were between 16,300 t and 18,300 t, down sharply from
34,000 t in 1986, which vas close to the highest catch on record from this division. In
piv. 3@, catches from 1982 to 1989 have been between 4000 and 5800 t each year.

In 1989, Canada and Spain accounted for 64% and 25% respectively of the nominal catch,
Most of the Spanish catch came in the freaezer trawler fishery in Div. 3N (7,746 t), vhile the
largest component in the Canadian catch was the otter trawl catch in Div. 3L of 15,652 ¢
(Table 4). The USA accounted for 1133 t, 96% of which was taken in Div. 3N. The catches by
inshore gears in Div. 3L 1n 198% were similar to the 1988 levels (Table 5).

Commercial CPUE data

As in recent years, a multiplicative analysis was carried out in the catch/effort data
from the Canadian offshore otter trawler fleet from 1956 to 1989 (Table 6). In some years in
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the late 1970’s and early 1980's, these were the only catch data from vhich a CPUE series
could be derived. Results from the multiplicative model are shown in Table 7, along vith the
reésulting CPUE series. Fig. 2 shows that the CPUE declined steadily from 1956 to 1976, then
increased to a relatively stable level from 1980 to 1985. This was followed by a sharp
decline in 1986 and a stabilizing of the catch rates at a level similar to the lowest observed
in the serles (1975-77).

Catch sampling, 1989

Canada: Length frequencies and otoliths were available from the Canadian fishery in Div. 3LNO
in 1988. As in previous years, the level of sampling from this fishery was high (Table 8).
Table 9 shows the catch at age and mean welghts at age from this segment of the fishery.

Ages 9-11 vere dominant in the catch, as is common in most years. The weights at age vere
similar to those observed in the Canadian catches in 1988. Table 10 shows a breakdown of the
Canadian catch at age by Div. 3L (inshore and offshore), 3N, and 3@,

USA: Numbers caught at length vere available from the USA catch in Div. 3NC for all months
combined. To determine the age composition, an age length key (sexes combined) freom the
Canadian fishery in Div. 3N in the 3rd quarter was used; as this corresponded to the time and
divigion where most of the USA catch was taken. The peak ages in the catch wers 8-10,
corresponding to the Canadian fishery in Div. 3N (Table 10). The veights at age were also in
close agreement with those in the Canadian catch.

Spain: MNumbers caught at age were available for months with samples from the Spanish freezer
travler catches in Div. 3L and Div. 3NO. These vere adjusted tc the total catch by the
appropriate combining of monthly catches. The pattern in catch at age for this fishery 1s
radically different from the Canadian and USA fisheries, with peak ages in the Spanish catches
being 4-% in Div. 380. 1In Div. 3L, the catch in nunbers was spread somewvhat evenly over

ages 5-9 (Table 10). i

In Div. 3NO, the weights at ages 7-9 were similar to those in the USA and Canadian
fisheries (Div. 3N), but were somewhat more variable at older ages. There were few fish
younger than age 7 in the Canadian and USA catches for comparison of the weights with the
younger fish. in the Spanish catch. 1In Div. 3L, the weights at age in the Spanish catch wvere
higher than those in the Canadian offshore catch in Div. 3L; A. plaice in the Nose of the Bank
area have a higher growth rate than those in most of the areas fished by the Canadian fleet.

Portugal: Length frequency data were available for several months from the Portuguese gillnet
fishery in Piv. 3N0., Examination of the modes suggest that the peak ages in the catch were
7-9, which agrees generally with the Canadian and USA catch at age. Because these length
frequencies represented only about 40 t of catch, the data were not broken down with an
age-length key for inclusion in the total stock catch at age.

Total for 1989

To derive the total catch at age for 1989, the 3NO catch for Spain and USA (Table 10) was
combined and adjusted up to represent 12,255 t. This vas then added to the remaining catch at
age calculated for Divs. 3L, 3N and 30 to give the total catch at age in 1989 (Table 11). As
can be seen from Table 19, there were large numbers.of fish aged 3 and 4 not included in the
catch matrix (approximately 2.2 million and 12.9 million respectively).

Adjustments to the catch at age, 1986-88

With the availability of the final statistics for 1986-B7, revised statisties for 1988,
and revised estimates of some non-member catches in these years, changes to the catch at age
vere required for these years. In addition, it was decided to adjust the non-sampled catches
in Div. 3N to the total non-Canadian catch, rather than to the total available catch at age,
as had been done previously. This change was based on the assumption that the portion of the
catch for vhich little or no sampling was available would have a similar age composition to
the sampled catch in the Regulatory Area. Given that the main component of the sampled catch
in the Regulatory Area (Spain) is skewed toward younger fish, the resulting changes shoved
preportionally more fish at younger ages In 1986-88, as follows {(changes from 198% estimates
in 000y

Age & 5 6 ;8 9 1w -1 12 13 1 15 e+

1986 177 596 1246 1394 1033 738 515 315 . 311 238 104 77 36
1987 65 138 309 4hd 343 229 296 174 125 66 35 29 16
1988 294  Bl4 889 1148 1017 292 147  -289 -74 235 15 7 11

Overall, the'catch in recent years contains more fish at younger ages (Tables 11 and 12).
In addition, there. are congiderable numbers of fish younger than age 5 appearing in the catch,
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"_EEl at age 4: 1.3 million in 1986, 0.3 million in 1987, 1.1 million in 1988, and 12.9% million
in 1989. Prior to 1986, when Canada took a larger portion of the catch,. few, if any, fish
younger than 5 were landed in most years, although some smalleér fish did ‘show up in discard
samples in the early 1980's .

The mean veights at age, which were revised along with the catch at age for 1986-88, are
shown in Table 13. The weights were variable at the younger ages in recent years, but were

gimilar at ages 9+ from 1987 to 1989. Table 14 shows the catch, biomass at age, and the totals
compare favourably to the nominal catch in most years.

Research vessel surveys

)

Stratified random surveys have been carried out on the Grand Bank on Canadlian vessels in -
the spring of each year from 1971 to 1990, with the exception of 1983. The mean weight per
tow on a stratified basis is shown in Tables 15, 16, and 17 for Div. 3L, 3N, and 30
respectively, and the corresponding stratification scheme is displayed in Fig. 3.

In Div. 3L, the biomass was highest from 1977 to 1982, then declined to a lower but
stable level from 1985 to 1988, with the 1989 value being somevhat lowver (Table 15). The
decline in biomass in Div. 3L can also be seen in the Canadian fall surveys, which showed the
stock to be much larger in 1983-84 than at present (Fig. 4). However, the decline in biomass
in 1989 was.larger in the fall series than-in the spring.

In Div. 3N, Table 16 also indicates a decline in biomass in recent years, from about
60,000 t in 1984-85 to 43,000 t in 1989. Table 18 shows that the biomass in the strata which
comprise most of the area outside the 200 mile limit in Div., 3N has declined from about 26% of
the total in Div. 3N in 1984-86 to about 13X in 1987-89.

For Div. 38, the biomass has been somewhat more variable, but appears to be relatively
stable in 1988~ 90 at around 50,000 t, compared to an average of about 65,000 t from 1984 to
1987 (Table 17).

To allow comparison of the trends in abundance at age for this stock over the 1971-89
period, a multiplicative analysis of mean catch number per stratum was again carried out,
using the same methodology employed in the 1989 assessment of this stock. The resulting
series is adjusted for the change in the vessel-gear used. for the surveys and accounts for
strata not surveyed in each year. Tables 19-21 show the abundance for Divs. 3L, 3N, and 32
respectively, vith Table 22 .containing the combined index. .

It can be seen from Tables 19-21 that the portion of the stock in Div. 3L is larger than
the portion in Div. 3NOG combined. 1In Div. 3L, a number of strong year-classes dominated the
catches in the late 1970's and early 1980’'s, after which time recruitment decreased. It was
thought that the 1980 and 1981 year-classes may have been strong in Div. 3L based on the
results of the 1987-88 surveys, but neither appeared to be strong in the 1989 surveys (hoth
spring and fall) in Div. 3L.

The only sign of strong recruitment in the 1989 survey was at age 4, which was not
surprising, given that the 1985 year-class has been identified as a strong one from several
juvenile flatfish surveys on the Grand Bank. However, 1t should be noted that the majority of
this estimate came from Div. 3N (Table 20), and that age 4 did not appear to unusually high in
Divs. 3L0. Filgure 5 shows that the 1985 year-class dominated the age structure in the survey
sets in the Regulatory Area in Div. 3N, as vell as being the peak age in the Spanish catch
numbers in Div. 3N in 1989, This figure also shows that the age structure of the population
ingide 200 miles was drastically different, with ages 8 and % being dominant in the survey
catches. These 2 ages, along with age 10, comprised the majority of the catch in numbers in
the Canadian commercial fishery in 1989.

Overall, the abundance in Div. 3LNO combined has declined in recent years to about the
level observed around 1973. From Table 22, it is obvious that there was a drastic decline in
abundance from about 1 billion fish at ages 6+ in 1981-B2 to about 500 million fish in
1985-86, after which time the abundance remained at the lower level. In addition, the number
of older fish (age 12+} in the surveys has declined in 1987-89 to the lowest level observed.
This is particularly the case in Div. -3L (Table 19), although the numbers of older fish in the
catches in Div. 3N0 are lover in recent years as well (Tables 20-21). It is unlikely that the
fishery caused such a fast decline in a stock with such a wide age. span, and work is presently
being directed at the hypothesis that the very low temperatures observed on the Grand Bank in
the mid 1980's caused an increase in natural mortality.

CPUE at age

Table 23 shows the index of abundance at age derived from the Canadlan commercial fishery
for A. plaice in Div. 3LNO. This was derived from the Canadian catch at age divided by the
effort from the Canadian fishery. This effort was calculated from the multiplicative model
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shown in Table 7, but substituting the Canadian catch for the total cateh in the CPUE
calculation. This index shows a lower stock size in 19B6-89, particularly at ages 11+
compared to the estimates of the early to mid-1980's.

SPA - ADAPT

The catch at age from 1975-89 (Table 11) and the abundance indices in Tables 22 and 23
were used in the Adaptive framework. In the first formulation {Table 24), the RV survey data
were used to estimate population numbers at ages 6-15. All parameter estimates were
significant and the catchabilities (slopes) were relatively stable over ages 9-14. However,
the estimates of fishing mortality at ages 9-12 were substantially higher than those cbserved
at these ages in earlier years. The C/E data vere used in a separate formulation, also to
estimate population numbers at ages 6-13 {Table 25). Again, all parameters estimates were
gignificant, although the CV’'s were higher than in the formulation with the RV data alone.
For the younger ages (6-8), the fits of In C/E vs ln SPA numbers were poor and took the form
of 2Z-point regressions, with the 1989 point being separate from the other points. Examination
of the population numbers in Table 25 shows the sizes of the 1981-83 year-classes to be
substantially lower than historic values -and were thus not considered to be realistic.

It wvas decided to use the two indices in a single formulation of ADAPT. PFor the RV
surveys, ages 6-14 were chosen and for the C/E, ages 9-14 vere chosen. Ages 15-18 wvere
excluded from the calibration because there are few fish at these ages in either of the
indices, and ages 6-8 vere excluded from the C/E series for the reasons outlined above. The
results are shown on 4 pages in Table 26. All parameters estimates were significant, with
CV's on the abundance estimates at ages B-13 of 20X or less. However, as can be seen in the
tables of log residuals end in the calibration plots (Fig. 5 and 6), the fits generate
patterns of residuals. There are no high correlations between parsmeters.

Fully-recruited fishing mortality from the combined RV - C/E formulation was estimated to
be 0.62 in 1989, and the population sizes were similar to those in 1987-88 at ages ‘6-10, and
somevhat lower at ages l1-13. A description of the ADAPT formulation used to-derive the
1989 population estimates is given below.

Catch projections

Table 27 shovs the parameters used to project catches for 1991. Table 28 contains the
projection results for a catch of 24,900 t (TAC) in 19%0 and Table 29 shows the results
assuming a cateh of 40,000 t in 1990. The F, ; and Foa reference peints (0.27 :and 0.51
respectively) came from the yield per recruit analysis Sone with the 1987-89 average PR and
weights, for the age span 5-16 (Table 27).

Pormulation of the Adaptive Framework used. for A. plalce in Div. 3LNO (see
Table 26 for results). '

Parameters:
- year-class estimates
Ni' 1989 i=26 tol4

- calibration coefficients for RV numbers

Ki 1 =6 tol4

- calibration coefficients for C/E numbers’

Ki =9 to 14

Structure:

- M= 0.2
- Error on catch-at-age assumed negligible

-~ F on ages 16-18 set to mean F wtd. by population numbers on.ages 12-15
- Age 5, 15 in 1989 estimated by PR

- Intercepts not fitted

.




Input:

Ly

,t
RV, .

C/Ei,t

RV survey data related to the population numbers at the same age,
fished to the time of the survey (month = 5) ) .
C/BE related to population numbers at the beginning of the year

i
1

i

=5 to 18

= 6 to 14

=9 to 14

VObjective function:

"L Minimize

f E'[obs (ln Rvit) - pred (ln RV

t = 1975-89

t = 1975-82, 1984-89

t = 1975-89

it)lz +

§ F lobs (In C/E; ) - pred (In C/E; )]

Summary

_ Number of observations = 216

Number of parameters

Table 1.

24

1960-89 and TACs from 1973 to 1990.

Célch at age

" C/E at age

RV numbers at age

Nominal catches (t) of American plalce for NAFO Divisions 3LNO,

Year Canada France Poland USSR  South Korea® Other Total TAC

1960 21,352 2,106 - 569 - 20 24,047 -
1961 14,903 1,473 286 1,248 - 3- 17,913 -

1962 15,217 973 171 1,841 - 4 18,206 -

1963 24,591 93 457 466 - 112 25,719 -
1964 35,474 1,582 539 680 - 292 38,567 -
1965 45,365 2,056 977 4,544 - 319 53,261 -
1966 51,225 1,246 860 11,484 - 196 65,011 -
1967 54,190 1,326 3,234 35,139 - 524 94,413 -
1968 48,674 406 203 23,751 - 133 73,167 -
1969 64,815 43 34 14,493 - 32 79,437 -
1970 54,929 389 40 10,232 - 1,055 66,645 -
1971 49,394 323 370 17,173 - 628 67,888 -
1972 41,605 322 2,515 14,164 - 755 59,361 -
1973 38,586 310 1,116 12,516 - 315 52,843 60,000
1974 35,101 418 615 10,074 - 89 46,297 60,000
1975 34,015 442 537 7,682 - 545- 43,221 60,000
1976 47,806 305 5 3,280 - 429 51,825 47,000
1977 42,579 1 - 1,023 - 348 43,981 47,000
1978 48,634 168 - 1,048 - 178 50,028 47,000
1979 47,131 113 - 1,190 - 135 48,569 47,000
1980 48,296 183 - 336 - 271 49,086 47,000
1981 48,177 210 - 847 - 924 50,158 55,000
1982 49,620 133 - 67 - 715 517 51,052 55,000
1983  35,%07 41 - 170 815 1,602b 38,535 55,000
1984 33,756 140 1 360 1,582 3,606h 39,445 55,000
1985 40,024 ~ 4 8l 2,483 11.620b 54,212 49,000
1986 33,409 46 - 188 3,952 26,975 64,570 55,000
1987 33,967 17 - 47 2,741 18,240b 55,012 48,000d
1988° 26,863 - - 159 3,237 11,253b 41,512 33,585
1989% 27,892 - - - 3,000°® 12,711° 43,603 30,300
1990 - - - - - - - 24,900

3Includes a portion of catches reported as unspecified flounder. See

text for details.

bIncludes some catches

CProvisional.

deffective TAC.

©Assumed catch.

estimated from surveillance reports.



(
Breakdown of catches from Table 1 listed:as "other" for  1984-89.,

Table 2,
b Cayman
Year Spain Portugal Panama: Usa Islands: Other Total
1984 1,622 - 1,800: - - 184 3,606
1985 5,498 27 3,892 1,310 797 96 11,620
1986 11,882 9,240 3,756 1,506 572 19. 26,975
19875 14,476 2,516 - 1,248 - - 18,240
IQBBa 8,895 872 - 1,379 - 10731 117,253
1989 10,895 583 - 1,133 - 100 12,711
3provisional.

bNot reported to NAFO.

Catches estimated from surveillance. reports.

®Includes some estimated catches.

dAssumed catch,

Table 3.

Breakdown of plaice-nominal catches (t) in Divisions 3LN@ by

Division, for the years 1960-89.

Year Division 3L Division 3N Division: 38 UNK Total
1960 19,397 3,912 738 - 24,047
1961 13,398 3,498 1,017 - 17,913
1962 13,584 3,923 699 - 18,206
1963 16,512 7,465 1,742 - 25,719
1964 21,391 14,587 2,589 - 38,567
1965 25,034 26,270 1,957 - 53,261
1966 18,572 34,698 11,741 - 65,011
1967 38,515 24,364 31,534 - 94,413
1968 39,126 20,038 14,003 - 73,167
1969 52,880 14,442 12,115 - 79,437
1970 39,347 21,032 6,266 - 66,645
1971 37,851 22,873 7,164 - 67,888
1972 33,330 17,387 B,644 - 59,361
1973 20,103 20,883 11,857 - 52,843
1974 16,610 21,126 8,561 - 46,297
1975 15,171 21,308 6,742 - - 43,221 .
1976 - 25,122 18,623 8,080 - 51,825
1977 23,763 16,543 3,675 - 43,981
1978 30,145 13,443 6,440 - 505028
1979 28,708 14,712 5,149 - 48,569
1980 31,717 15,119 2,250 - 49,086
19818 37,269 10,628 2,261 - 50,158
1932a 32,761 13,101 5,190 - 51,052
1983a b 22,964 11,107 4,464 - 38,535
1984a’b 20,307 15,147 3,991 - 39,445,
1985a’b 23,320 25,806 5,086 ~ 54,212
19868’ 25,745 34,012 4,813. - 64,370
1987a b e 32,937 16,331 5,744 - 55,012
1988b’c' 18,425 18,259 4,828 - 41,512
1989~ 21,706 17,299 4,598 - 43,603

®Includes breakdown of unspecified flounder catches. by S. Korea.

b .
Includes estimates of non-reported catch on the Tail of the

Bank outside Canadian 200 mile Iimit.

to Divisions 3N:30.

“Provisional.

These catches are attributed 90%:10%
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Table 5. Catches of American plaice by Canadian vessels using gears other
than otter trawl, Div. 3L, 1972-89. :

Year Seines Gillnets Longline Handline Trap Other Total
1972 3359 78 19 16 31 3453
1973 2483 67 - 5 24 99 2678 -
1974 1386 45 4 249 3 1687

1975 2391 11 12 48 14 2476
1976 16 3430 15 8 35 5 3509
1577 3921 27 13 49 4010
1978 4084 51 18 72 _ 4225
1979 230 4446 42 24 50 4792
1980 3339 45 6 24 3414
1981 25 4542 81 7 24 4679
1982 4267 106 6 23 4402
1983 3709 59 20 23 3811
1984 9 2567 58 16 17 2667
1985 17 2370 51 39 75 2552
1986 1 3670 69 ‘ 3 71 3814
1987 264 - 3679 47 15 78 4083
19882 149 2404 22 9 53 2637
1989% 285 2144 a1 1n - 36 2547

8provisional.

Table 6. Summary of Canadian catch (t) and effort (hrs) datarused in the
multiplicative model, for Divisions 3LN® A. plaice CPUE calculations.

Division 3L Division 3N Division 3@
Year Catch Effort Catch Effort Catch Effort
1956 3862 3824 2114 2481 B 30
1957 3020 3383 2288 2663 20 36
1958 5095 5154 3098 4435 - -
1959 5758 6780 3645 4738 31 59
1960 9791 11004 2584 31697 45 124
1961 6930 8790 2328 3615 50 70
1962 8278 12524 3419 6280 4 18
1963 11453 15543 6053 B410 221 503
1964 10277 14401 9082 10737 571 981
1965 11219 14487 18083 23677 ‘ 962 1806
1966 8542 11560 20947 27769 2994 5220
1967 22106 30236 12262 15830 2193 3071
1968 24582 40128 6744 11389 359 782
1969 32196 59051 7054 14310 1246 2778
1970 19978 39158 3932 8147 3137 5273
1971 19998 41637 4442 9926 1622 3106
1972 17258 35232 : 5876 13452 874 2245
1973 12548 24721 7479 14354 6362 13137
1974 11278 26781 9609 21436 6722 16568
1975 10267 25395 11769 " 28294 2585 7929
1976 20132 45254 15569 38003 5151 17091 .
1877 18027 42580 14085 35295 2559 7738
1978 23687 48906 9961 24719 5067 134717
1979 20518 40603 10095 21629 3595 8536
1980 22639 37118 11930 22841 1446 3362
1981 28058 48719 6069 11741 1330 2917
19A2 23503 40RA5 9541 18585 2928 6420
19083 12172 AVEARI 6072 8719 2851 6102
1984 10318 17130 6368 11532 2191 4894
1985 14930 22476 10594 17641 1993 4666
1986 12665 27235 4969 12109 2167 5802
1987 14378 32932 1834 4858 1906 5506
1988 8441 20522 3357 8351 2911 8408

1989 11334 27512 3371 8699 2720 7325




TABLE 7. MULTIPLICATIVE ANALYSIS OF CANADIAN CPUE DATA.

REGRESSIOH DF MULTIFLICAYIVE MODEL

HULTIPLE R

ERRRb RPN

WULTIPLE R SGUARED,,,,,

0.747
0.588

ANALYSIS OF VARIANCE

SOURCE OF
VARTATTUN

INTERLEFT

REGRESSION
TIPE |
TYPE 2
TYPE ]
TIPE §

RESIDUALS

TOTAL

CATEGORY

i

P I N . Ty

F-YALUE

47,003
192,473
52,038
3.93%
58,344

STD, ERROR WD, O¥S,

SUKS OF HERH
L2 SOUARES SAUVARES
I 352081 3.52081
46 J,BIIED B2
2 R93ETS 4,945571
2 T LAvETL 1, 346874
i1 1,689E71 1.5368°2
33 4,976%0 1,509E71
1582 4.096E0 2,586€73
1631 451281
REGRESSIOH CDEFFICIENTS
COPE  VWARIABLE  COEFFICIENT
3125 INTERCEPT 9,327 -
2
7
b .
i 1 0,370
A 2 “0.113
n 1 ~0.082
35 4 067
i 3 0,098
4 [ 0,101
3 7 0,003
4 8 T0.0%%
3 g ~0.093
] 10 0.008
8 i ¢.003
g 12 0,015
10 13 0,034
H 14 0,004
12 13 0006
37 16 “0.054
38 17 0,074
3% 18 0,122
& 17 “0.145
1 20 i yars
62 1 “0.404
83 22 0.278
64 23 4.2
83 24 “0, 314
1 23 03
b7 2% 0.421
68 27 0.731
89 28 0.8974
70 29 0,714
7t 30 1,001
72 1 “L01L
73 32 0,917
7 n “hhlig
75 34 “1.4%0
76 35 Ly
77 R 1,179
78 37 Laid
79 38 1.023
80 i “0.871
gl 46 0,974
a2 41 “0.856
a3 42 0,798
8 47 0,904
83 49 0.836
-1 19 “l.147
87 46 1.178
88 17 1.14%
By 18 “1a146 -

0.072

1531

YEAR
1336
1937
1938
1939
1360
1951
1962
1963
1364
£965
1966
1967
1368
{989
1970
1971
1972

1973
1974
1975
1976
1977
1578
1975
1980
94t
1982
1983
1984
1985
1986
1987
1988
1989

AVERAGE C.V. FOR THE RETRANSFORMED NEAK: [.044

TYPE | = VESSEL-BEAR-TC
3114=CAN(NY, OTBE, TC4
3124=CAN(NI, G182, TC4
3123=CAN(N), DTBZ, TCS

TYPE 2 = DIVISION

32=3L, 24=3N, 35=30
TYPE 3 = MONTH
TYPE 4 = YEAR

. PREDIETED CATCH RATE

LN TRANSFORW

HEAN
0.3268
0.2738
0,2333
0.2049
0.1823
0.0933

-0.0793
0.0304
0.9725
0.0107

~0.0073

-0.0540

-0.4042

-0.5492

-0, 5869

-0,6742°

-0. 6842
-0.3%00
-0.8115
-0.8634
-0.8798

-¢.8322 -

(. 7845
-0.6938
-(t, 3438
-0.3471
-0.3297
-0.4713
-0.5773
-0,35034
-0.8206
-0.8508
-0.8424
-0.8393

5.E.
0.0032
0.0057
0.0042
8.0033
4.0036
0.0041
0. 0032
0.002%
0.G025
0.0016
0.0014
0.0012
£.0014
0.0012
4.0014
0.0014
0.0013

0.6013
0.0013
0.0014
0.0011
0.0013
0.0011
0.0012
0.0013
04,0014
¢.0014
0.0016
0. 0047
0,005
¢, 0016
0.0019
. 0018
0.0013

RETRANSFORKED
NEAN S.E.
1,385 (. 099
1.313 0.099
1,287 0.083
1,227 0.073
1,199 8.01
1.099 0.070
0.923 0.032
1.032 0.927
L0735 0.054
011 0,041
0.993 0,037
0.911 0.032
0.668 0.023
0.378 0.020
0.356 0.021
0.310 0.019
0.303 0.018
0.335 0.020
0.445 0.016
0.422 0.016
0.415 0.014
0.427 0,613
0.437 0.0135
0.499 0.017
0.381 0.0
0.579 0.0
0.589 0.022
0.624 0.025
0,362 0.023
(.60 0.023
0. 440 0.017
0,427 0.019
.431 0.018
0.432 0.01%

CATCH

117288
95268
104153
102423
124827
103638
109854
97323
84504
86633
86652
61719
70233

90180 -

146621
128770

96301
100898
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‘Tablw 8. Samples used to calculate-catch at age and average welghts at .age for American plaice
in the cansdian fighery in Division 3LKG in 19B%.
obaervations -and n 'is the numbar of aamples.

Numbets in parentheses are the nunbers of

Age—langth key Length fresguency n Catch (t) Descripticn
'ALKINZCHIL (875) LPONMAYCN3L {4548) 11 ‘524 Misc. gears, 3L, Jan-May
ALKIK3CNAL (553) JUN(3906} . 9 538 " " Jun

JUL 1222) 1 1200 " " Jul-Dee¢
LFOTAPRCRIL tizl) 1 298 OTB + Sc.5., 3L, Jan-Apr
'ALKOFZCN3L (T43) MAY (2569} 6 1137 " “ May
JUR {2807} 7 3411 " " Jun
JUL (4044) 9 2398 " " Jul
ALXCFICNIL (783) AUG {3399} 9 6498 " " hug
SEP (53814 16 2583 " " Sep
OCT (3561) 10 2233 " " Qet
LKOFACR3L (689) ROV (2647 7 1032 o " “How
DEC (985) 3 428 " " Dec
ALKOF2CR3IN (1937) LFOTMAYCNIN (678) 2 407 -All gears, 3N, Jan-May
JUN (454) 1 3oz ‘0TE + Misc., ' .Jup
LFSCIJULCHAIN (31T 1 367 ‘Se, Seins, 3N, Jun-Dec
MLKOFICNIR (464) LFOTJUL {1730} 4 792 GTB + Misc., IN, Jul
AUG (T06) 2 1421 " " Aug
SEP (453) i TT44 " T Sep
ALKOF3ICK3N (464) ot (1117) 3 600 " " oet
+ WOV (35T 1 42} " " Kov-bac
ALKOFACHIN {187}
ALKOF1CN3D (124}
+ LPSCMARCNIZ (398) 1 40 All gears, 3@, Jan-Mar
ALKOF2CNI® {568)
AFR (420} 1 154 Sc. Selne " -Apr
MAY (306) 1 102 " " May
JUN (366) . 1 15 " " dun
ALKOF2CN3R {560) LFOTAPRCR3A (444) 1 1] OT 4+ Misc, " Apr
MAY {640} 2 55T " " May
JuN (884) 3 878 " " Jun
JuL (737 ] 951 All gears, g, ‘Jul
“ALKQF3CN32 (13%9) AYG {373y 1 £05 " ™ Aug
: + sEPR. {298) 1 210 " ™ Sep
ALKOF4CN3a (79} LFSCHOVCRI® (324) L 898 * " pet-Dac
Inshere 3L 2,262 ¢
Gftshore 3L 16,0348
3n 5,054
g 4,538
Tokal Canadian 17,!95 t
‘TABLE 8. Taich at age (000} and pean-weights at ave (hg) of A.pleics
in the Canadian fishery in 1989,
AVERAGE CATICH
AEE TWETGHT TLENTTH THMEBN T TSTDLERR. [N
oy TE. 500
L) a0, 350 nE e
* 6 se.873 153 G.15
* 7 34,079 1167 0.0
* 8 34,894 3942 0,03
=] BE. 735 3380 0. 03
10 39,798 3818 G, 03
11 43,456 7057 0,03
*1z 47.627 4180 0,03
*13 1.335 S1..50% 1776 0,08
*1 1.814 55%.785 855 0. 05
15 2,303 §9. 3967 941 .06
*16 3.071 £5. 461 122 0,10
*17 3. 885 70,285 14 Q.27
*18 4,286 72,500 5 0.33
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TABLE 11, A.PLAICE CATCH AT ASE €000) IN IV, 3LNO

AGE ! 197¢ 1975 1976 1977 8378 1979 1500 1991 1967 1963 1984 1985 1986 1987 1988 1989
L el T TP U S S R
S 1 35 883 B 974 1558 1257 260 IS¢ 27 11§ 48 296 4407 2237 290R 12745
6 ¢ 9955 3128 3W7 672 4467 €SSl 2977 SB 3M4 991 39 7EB 9T 4% 3213 11553
7O0oj0475 7220 B7B) 8743 9195 13532 9531 2MB 1814 3053 ISLR 236D 1536 TE9L  4ES3 14432
8 1 10063 9433 19363 (1736 10397 8747 12578 478K 4739 5797 331 632 12530 10893 7263 %%
91 FTEE 9234 16597 13559 12743 14977 14111 7920 B946  BMI 553 10694 132 ISEET 10123 14180
103 9004 7903 12338 11T I386: 12506 14212 11425 12836 7707 9950 15741 13874 1740 0375 12307
B0 7086 5701 8323 6520 9930 879 (1286 1355 IS301 @493 12087 14528 14246 10404 9260 8405
12 ¢ 459 4732 5156 4257 6823 3775 Q08D 672 14489 7317 @964 9233 10376 6986 5040 4972
13 ! 3R09 3788 3024 2369 IG5 1643 1732 0693 794 45BB OTZ 4M0E 5947 6. 2692 2009
4 0 278 617 29 1493 2239 i 1565 SS90 4224 mBO 2515 1969 2637 1303 1S5 1027
B3 0 f41 1B 1347 9000 1472 342 645 2938 2000 12139 10% 1235 416 76B 66 550
16 ¢ 651 763 584 342 643 159 265 1119 B4l 373 404 33 542 40 267 M6
P00 287 415 M3 IR 22 63 BT 3% 06 130 % 0 62 27 3| 14
9+ 80 24 &5 ol l67 % 25 M6 % 4% 15 & 3B/ 4 15
506383 37572 82876 69150 7733 83273 7937 71506 74135 50859 52123 67162 101807 83085 8801 99097
TABLE 12. A.PLAICE CATCH AT AGE (000) IN 21V, 3LNO
AGE 3 1974 1975 1976 1977 1978 1979 1960 1981 (982 1983 1994 1985 1986 1987 1960 1989
b xawtaaammamnn oo n e e ot et et ket < e e e e
50 046 0.5 L0 14 20 L5 6.3 0.2 0.0 0.2 00 04 43 27 49 143
B0 %4 54 47 97 58 19 2B 6B 04 L3 0.8 L2 %5 59 55 (3.0
70165 125 H.6 26 L9 165 120 21 24 RO 2§ 35 123 93 BRI 128
81 158 15,4 204 (7.0 13.4 225 158 6.7 6.5 1.4 64 8.4 123 131 114 50.8
§ 0 122 16.0 20,0 19.6 165 L0 LB 1L 121 164 L2 1S9 (30 190 17.2 159
1000 4.2 137 149 160 17,9 §5.0 1L 160 17.3 152 1.1 284 136 202 176 139
F 1.2 9.9 100 9.4 129 10.6 142 19.0 203 167 247 206 4.0 (3.7 15T 9.4
12 0 72 8.2 62 62 8.8 45 102 66 195 148 17.2 137 0.2 8.4 (0.3 5.6
13 0 B0 Bb 36 34 47 L2 47 122 107 %0 %7 61 58 37 45 2.3
4 ! 36 45 28 2.2 2% 0.9 20 18 57 49 48 29 26 L6 2.0 L2
5 0 L8 25 Lb L4 L9 64 6B 41 27 24 21 LB L4 09 11 0.6
6 ¢ 1,0 L3 07 0.5 08 6.2 03 L&-03 07 0.8 06 05 03 0.5 0.2
70 04 0B 0.3 03 03 6l 60 06 02 03 02 62 0.2 &0 01 00
000 04 el o0 00 &0 60 0.3 40 0.1 0.0 00 0.0 DO 0.0 00
C TABLE 13. A.PLATCE WEIBHTS (KG) AT ABE N D1V. 3LND
BGE 1974 1975 1976 1977 1978 1979 1980 1981 1982 (%63 198¢ 195 1386 1997 1998  136%
e e e e R A e R S S —— -
S 1 0,200 0,213 0207 0,209 0195 0,209 0.203 0.209 0.25 0,298 0.270 0.212 0.122 0.230 9,470 0.101
6 1 0.5 0.254 0.261 0.264 0.260 0.322 0.3 0.373 0.298 0.332 0.314 0,329 1% 0.293 0.254 0.19
70 0.3 0,38 0346 0.357 0.333 0.374 0,408 0.406 0.360 0,473 0,382 0.430 0.277 0,33 0,343 0.281
8 1 0.424 0.417 0.434 0,430 0.412 0.453 0.487 0.453 0.427 0.355 0,660 0.473 O.411 0.437 0.445 0.380
9 ¢ 0,578 0.564 0.557 0.614 0.512 0551 0.541 0.487 0.485 0,658 0.531 0.543 0.548 0,437 0.489 0,488
10 1 0.706 0.692 0.660 0,672 0.b14 0.609 0.570 0.536 0.533 0.698 0.563 0.655 0.666 .65 0.601 0.608
(1} 0.912 0.8% 0.829 0878 0.768 0,707 0.650 0.551 0.59% 0.637 0.65¢ 0.820 0.776 0.B43 0.774 0.806
12 ¢ L125 1077 LOT LOID 0.517 0.93¢ 0.739 0.676 0.739 0.75 0,852 1.102 0.989 1.103 1,034 1.0B8
17 1 L3727 1318 L047 L231 1084 1228 0.982 0.792 0.976 0.953 L1120 1.472 1296 L.395 1363 L.4db
10 L5 1523 1,347 1415 1,380 L.6BB .35 1,0CS L275 1,220 444 L.B9E 174 1735 1745 1.BOS
15 ! L.U75 L7 L6E) 1782 1.6M L3I0 LTS 1,305 L.5% 1.530 1,97 2341 2.065 2.221 2,206 2.259
16 ! 2411 2,254 2.050 2,491 2.086 2017 1793 1,772 2.028 2,132 2.561 2.904 2.518 2,952 2.825 2,99
17 ! 2.647 2538 2.263 2323 2.276 2,33 2,2M 216 232 2370 2,85 3270 2.030 2.5 3645 3.883
18 1 2.944 2821 2719 2541 2274 %194 2683 2431 2705 2.809 3.7:3 4.056 4.040 3.979 4.692 4.286
TABLE 14. A.PLAICE CATCH BIGMASS (T) AT ASE IN DIV, 3LND
SEE L 1974 1975 1976 1977 1978 1973 1980 (981 1982 1993 1384 1965 (986 1987 1388 1983
$ 174\ 173 203 W4 23 55 X 7 313 63 5% 514 493 1289
6 ! 1526 794 1089 {777 L60 207 975 20 %4 375 125 259 1883 1445 BT 2IR3
70 3850 z510 3035 37 3248 SOE7 3630 913 653 445 579 1016 MBI 3057 1662 2979
8 0 %5 3929 BOI7 5019 4260 B4BY  GOB0 2186 2047 3200 1523 2673 SIS0 4783 w2 3747
9 0 W91 S8 941 8329 5526 8256 7634 3839 4343 5493 3227 5472 735 7EE2 4951 6926
10 ! 6334 5467 133 7500 U518 7612 BL05 G121 GBI 5376 5609 10315 9242 11547 6203 7532
B! GG 5109 6838 §726 7636 673 7341 MBI 941z SII3 B426 11302 L1030 9614 TIs4 67T
12 | 5170 5097 5245 4333 6255 G526 9979 B0ZB L0701 5683 763§ 10175 10262 7705 6243 53K
5300 S2T 43 MST 6 4127 2263 3665 6GES 749 4400 5720 £046 TTOR 4293 3685 293
14 ! 3998 396 3110 212 3089 1205 220 G617 ST 3025 36} I3k 443 22600 2017 1853
15 © 54 299% 2038 1782 2494 650 {124 3835 3167 1831 2166 2893 2925 1706 1461 1242
16 4 1570 1720 4197 749 U341 337 475 1383 1300 795 O34 1126 135 729 753 436
17 0 707 1206 554 423 482 47 191 8 418 0B 265 SA5 40 91 140 4
B0 2% G617 257 243 sL 67 5B 280 1@ % 3 M4 15 52
e oo o o o o e o e e R st e
St i S4B 4364 S2496 44263 49903 46150 47694 4BS6l 5245 3BI05 40013 SEE40 BISTB 55642 188 43249
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Table 15. Mean weight (kg)} of American plaice per tow, by stratum, from R. V. surveys in Division L. Muobera in parenthesas
are the nurber of guccesaful 30 minute tows in each stratum. The stratified mean weight per tow (kg/30 min.} and the biomass
estimates {& 107"}, are given at the bottom of the table.

Year - Trip
1973 1973
No. of 1971 1872 ATC 194 1875 1976 1577 1978 ATC
Dapth trawlable ATC ATC 207, 208 ATC ATC | ATC ATC ATC 209,
(£m) stratum units 197 199 208 122 21 246 262 276 290, 291
51-100 328 114,023 - - - - - - 26.9(3} - 27.3{5}
51-100 3 118,151 - - 48.413) - - - 94.2(4) 43.804) 88.8(6)
31-100 M2 43,913 - - - - - - 75.442) T2.6(2) 59.5¢4}
51-100 ELK] 39,409 - - - - - s 103.1(2) - 112.6(3) 90.2¢4)
101-150 344 112,146 - - - - - 92.3{4) 100.5(4) 62.4(4) 28.6(2)
151-20¢ 345 107,492 - - - - - 32.814) - 27.144) 58.312) ®.414)
151-2040 346 64,931 - - - - 45.9(2) 22.32) 4.4(3) - 4:8(4)
101150 347 73,7688 28.8{2) - - 24.5(2) 61.9(2) 151.5¢(3) 91.1(3) $9,3{4) 58.3(4)
51~100 343 159,136 214.4¢(3}) 92.3{3) - T3.6(8) 47.514) B83.7(6) 211.6(6) 232.846) 150.2(86)
51-100 - 349 158,686  281.2{3) 46.8{4} - 17.0(4) 23.6(2) 66.6(3) 124.3(6) 65.1¢6) 105.7(1
31-50 as5¢ 155,458 77.9{3) 56.5{2} 33.5(4) 82.3(3) I8.1(3) 99.0({4} 40.5(4) 44.3(6) 45.5(9)
31-%0 363 133,614 56.3(3) 111.743) 20.114) 69.8(4) 21.513) 90.4(4) 103.1(5) 96.81{5} 83.0{8)
51-100 364 311,456 155.7(4) 138.8(3) - 92.3(4) 99.4(2) 164.6(3) 236.1(7) 172.4{6) 195.5(8)
51-100 365 78,142  192.0{1) 158.5(2) - 43.103) 79.0(2) 62.4(3) 43.7{3) 243.3(2) 161.6{4})
101-150 366 104,639 34.4(3) - - 63.0(3) 37.6(4) 40.8(4) . 76.7{4) - T.2{4}
151200 Rl 25,071 D.0(2Y - - 4.8(2) 1.1(2) 29.0(3) 0.9(3) - 0.7(4)
101-150 169 72,137 31.8(3) - - 14.2(3) 23.8(3) 52.9(4) 51.0(3} 18,6(2) 16.8(4)
51100 370 99,085 44.0(2) 8z2.5(3) - %0.5(3} 43.3(3) 93.1(3) 162.11{3} 70.713) 211.7(4)
31-50 In 84,147 95.8{3) 91.9(2) - 63.1(3} - - 93.4(3} 114.1(3) 175.8¢13}
31-50 372 184,658 27.144) 36.2(3) 124.1(3} S0.4(3} 36.1(3} 47.513) 35.0(8) 24.5(7) 38.4(9)
31-50 384 84,072 87.9{3} 6%.5(2) 12.4(3) 26.6(3) - - 54.0(2) 54.5(3) 79.0(4)
51-100 385 176,851 139.5(4} 84,204} 34.5(3) 17.3(2) T2.1(4) 79.5(2) 168.0(5) 135,4(8) 102.2(7)
101-150 el 73,7080 20.9{2} - - 24.1(3) 22.6(3) 51.712) 4.8(3) 19.5{3) 11.5¢(4)
151-200 387 53,896 1.2(3) - - 0.5(3) 0.0(2) 1.0(3) 2.5(2) 2.7¢3} 1.0(4)
151--200 388 27,098 1.4(2) - 12.2(2) 2.6(3) 0.2(2) 13.942) T.7{2} 9.342) 6.6{3}
101-150 Ing 61,528 17.4(3) 17.0(2) 13.4102) i4.5(1) 22.7{2) 38.8(2) 7.9{%} 8.2(3) 2.3(4)
51-100 %0 111,170 236.2(3) 30.1(3) 9. 1N 1.6(3) 278.2(3} - 68.1(2} 66.1(4) 93.8(5)
101~150 191 21,168 - 24.112) i2.202) 43.3(3) 16.08(2) ~ 45.4(2} 15.4(2) 17.214)
151-200 392 10,884 - - 291.9%13) 1.8¢4} 2.4(2) - 3.1(2) 1.943) 4.2(2)
201-300 729 13,963 - - - - - - - - -
3p1-409 730 12,761 - - - - - - - - -
201-3060 73: 16,214 - - - - - - - - -
M1-400 732 17,340 - - - - - - - - -
201-300 733 35,110 - - - - - - - - _
301-400 T34 17,11% - - - - - - - - "
201-300 735 20,417 - - - - - - - -~ -
301-409 736 13,138 - - - - - - - - -
Mean (#ssta) 109.4{56}) 79.0438} 49.2{32) 47.1170) 60.7(55) T6.B{64) 98.3(102) B7.1{94} BD.9(140)
Biomana 232.8 135.8 33.3 101.7 124.8 163.9 271.1 213.7 223.4
Year - Trip
1981 1982 1985
1980 ATC ATC 1984 wWr 1986 1987 1988 1983 1990"
ATC a7, 327, AN 4B, wT WT 58, WT WT wWT
Stratum 304, 305 318, 319 328, 329 25 29, 30 43 59, 60 t, N 82, 83 96
328 - 52.5{2) 72.8(3) 12.5(2) 51.604}) 51.2¢9} a45.8(7} 23.3(2) 22.9(9) -
341 47.9(6) 136.5(2) 146.6(5} 69.6{4) 40.319) 43. {9} B2.5(6} 50.8(6) 31.4(8)
342 77.014) - 43.23(3} 60.1{4) 35.2¢3}) 53.5(3) 91.8(2) 94.0(2) 39,6(3}
343 107.1(4) 177.5(2) 115.8¢4) - 12.7¢3) 48.044) 111.5(3) 67.013) 135,319
344 105.5(3) 108.3(5) 58.0(4) - 41.6(5) 80.3(M) 51.1(4) 83.2{6} 145.6(7)
4% 10.1(5) 32.5(4) 7.6(4) - 23.3(5) 16.3(7} 11.0(4q) 12.9(%) 7.6(%)
346 2.0(0 29.813) 5.3(0 - 26.3(2) 33.1(5) 7.3(5) 8.8(4) 6.4(4)
7 102.35) £86.1(4}) 93.0{2) - 42.1(5}) 50.4(5} 43.5(3) 50.5(5) 63.3({6)
344 168.7(7} 89.5(7) 118.3{4} - 65.1{18) 104.9712} 130.1(8} 142.3(11) 19.2(9)
349 110,5(9}) F2.8(4) 125.6(6}) 89.5(6} 49.8(14) 58.3(14) 105.1{11) 13%.%(8) 45.7(11)
350 96.8(10} 114.5(1) 76.6(7) 108,2(6) 98.5(12) 99.5(11} 6B.7(11) 86.1{8) 61.7(11)
363 77.2(5) 62.3{3) 165.0(5) 92.2¢5) 107.8(8) 138.4(10) 68.6(%) 97.04{7) 53,6(9)
364 166.%(6) 172.3{3} 195.5(6) 144.40(5) 102.3(17) - B87.4(17) 164.0(15) 136.1{10} 94.4(16)
38%  156.114) 131.5{2) 38.71) - 54.1(7) 68.5(5) 107.9(5) 82.5(4) B8.0(6)
366 70.5(4} 20.2(3) 8.3(5} - 37.6(6} 21.4(8}) 14.5(" 18.8(8) 15.3(8)
368 0.8{2} 6.3(2) 0.5(2) - 30.512) 16.5(2) 1.7¢(3) 2.0{2) 1.6{3}
369 13.7(3) 319.8(2}) 20.5(2) - T1.HS) 16.1(8) £.4(9) 6.3{4} 12.5(§)
370 172.1(3) 54.012) 133.0(X) - 56.6(8) 96.6(8) 69.8(T) 129.5¢(5) 77.3(8)
37T 147.003) 177.0{2} 102.%9(4) - 107.5(1 68.0{6) 58.3{7) £47.8(5) 108.3{6)
3z 39.7{6) 95.8(4} 5G.6{6) 63.7{5} 10%.9{12} 69.6(14) 30.14{113) 58.3(11) 52.7(13}
384 48.8{2) 60.5(2) 32.3{2) - 100.3{(6) 114.0(6) 56.4(7) 53.9(5} _102.0{6)
385  224.4(4) 87.3(3) 70.8(3) - 4B.8(15) 62.8(13) 74.1(11) 46.3(10) 71.3(12)
386 7.2(0) 20.8{2) 9.2(31) - 26.0(5) 9.6} 7.5(5) 32.514) 12.7(6)
387 0.7{2) 1.0(2} 1.3(3) - 20.8{6) 3.0{4} 6.0{4) 1.204) 2.5{5)
kLE] 0.142) 0.112) 0.4{2) - 25.5¢2) 11.5¢2) 1.4(2) B.9(2) 2.0(3)
e - 4.8(3)  23.9(2)  4.5(2} - 2T.2¢5)  27.7(S)  10.6(6)  19.7{3}  E4.6(5)
330 99.0(3) 18.5(2) 35.8¢4) - 15.0(9) 14.5(8) 28.0(7) 11.1(5) 9.4(8)
391 11.0(2) 4.3{2) 10.3{2) - 9.5(2) 61.0(2) 12.5(2) 27.8(2) 7.4(Nn
392 1.5(2) 2.8{2) 0.8(2) - 13.8(2) 9.5{2) 0.6(2} 0.9(2) 1.5(3}
129 - - - - 0.5(2} - - - -
710 - - - - 0.3(2) - - - -
731 - - - - 336.0(2) - - - -
732 - - - - .32} - - _ -
733 - - - - 21.4(3) - - - -
134 - - - - 1.5(3}) - - - -
T35 - o.0(2) - - £7.012) - - - -
736 - - - - 5.0(2} - - - -
Haan
fhsets) 95.3(115) 80.7(8¢) BO.4(103) B7.4(37) 60.3(221) 63,1(211) 65.5(161) 6€9.9(1%4) 58.4{205} -(156}
Biomass 252.1 221.0 2.0 97.9 178.1 174.1 180.9 193.0 153.0 B2.6

Spreliminary analysis
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Table 16. Mean weight (kg)} of American plaice per tow, by stratum, from R. V. surveys in Divisien 3N. Nunbers
in parentheces are the number of successful 30-§inuta tows in each stratum. The stratified mean waight per tow

{kg/30 min.) and the biomass estimatas (t x 10 "} are given at the bottom of the table.

No. of 17 1972 1973 1874 1975 1976 1977 1978 1579
Depth trawlable ATC ATC
(fm] Stratum units ATC 187 ATC 199 208, 209 ATC 222 ATC 233  ATC 245 ATC 263 2771, 278 ATC 289

151-200 357 12,317 - - 0.0(2) - - - 5.5(2) - 2.4(3)

101-150 358 16,899 - 2.4(4) 6.5(3) -~ - - 20.0(2} - 2.1(2)
51-100 359 31,620 - 46.3{3} 3t.3(3) - 66.3{3) 114.41(2} 60.3(4)

31-50 360 224,717 - 34.1(4) - - 23.5(4) 44.3(4) 58.8{4} 106.7{(4) 60.4(9)
31-5¢ 161 139,171 17.3(2) 49.2{3) 25.2(4) 37.2(4) 46.3(4) 21.3(5) 22.1(3} 17.5(4} 20.3(8)
31-50 362 189,267 89.0(2) 110.4(4) 58.0(5) 40.8(4) L8.6(3) 38.7(5) 27.4(5) 27.6(4) 37.3(12)

31-50 373 189,267 93.1(4) 55.6(4) 27.6(4) 12.1(4) =~ 75.5(5)  70.5{4) 70.3{S) 35.2(11)
31-50 374 69,924 64.7(2) 66.7(2) 45.1{4) 30.4(2) 21.3{2) - 68.1(3)  69.5(3)  46.3{4)
<30 375 119,644 17.3(3) 15.7(3} 41.5(3) 35.6(3) 14.6(3) - 61.3(4) 39.1(5) 17.7(5)
<30 376 112,584 - 16.3(2)  22.3{3) - 23.6(2) 33.0(3) 59.6(3) 240.3(2)  25.4{4)
5i-100 377 7,511 - 24,5(2)  52.2{2) 19.7{(3) 165.3{2) - 236.1(2)  28.6(2) 15.9(3)
101-150 378 10,440 23.2(2) 22.3(2} 42.7¢2} 21.0(3) - - 7.8(2)  10.0(2)  6.9(3)
151-200 379 7,961 - - 0.5¢2} 12.0(3) - - 0.2(2)  0.3(2)  4.7(3)
151-200 380 8,712 - 0.9(2} 15.7(3F 3.4{2) - - 2.3(2) - 1.5(2)
101-150 381 13,669 22.1(4)  3.6(4) 144.1(3} 19.5(4) 15.6(2} -~ 15.3(2)  7.6(3) 19.1(3)
51-100 3682 48,594 23.5(3)  4.5(4) 15.443} 6.1(3) - 45.6{2}) 39.0(3) 32.4(3) 174.9{3)
31-50 383 50,621 69.0(2) 59.9(2)  0.1(2} 51.8{2) -~ 14.5(3)  62.7(3) 87.7(2) 25.6(3)
301400 724 R - - - - - - - -
201-300 725 - - - - - - - - - -

301-400 726 : - - - - - - - - - -
201-300 727 - - - - - - - - - -

301-400 728 - - - - - - - ' - - -
Mean (fsets) 58.5(24) 48.3(45) 34.2(48) 29.5(37) 25.8(22) 43.9(30) 51.7(48) 75.6{(41} 40.4(82)
Biomass 48.6 59.5 a5.1 25.2 22.6 43,1 64.5 89.4 50.6
1980 1981 1982 1984 1985 19486 1987 1988 1989 1990a
RTC Wr 29 wT 58,
Stratum ATC 304 ATC 319 328, 329 AN 27 AN 43 WT 47 59, 60 WT 70 WI' 82 WT 95, 96
357 0.5¢3) 0.0{2) 0.8{2) 0.0(2) 22.3{2) 0.0{2} - 0.0¢(2) o.0{2)
358 1.8(3) 0.0(3) 3.5(2}) 3.5(2) 180.5(2) 2.8{2) 1.5(2) 1.9(2) 0.8(2)
35% 36.0(4) 25.41{3) 28.5(2) 51.8(2) 28.0(2) 27.0{2} 5.9(2) 3.9(2) 17.5(2)
3160 39.9{11) 43.3(6) 37.8(7) 47.3(7} 38.2(16) 32.5(13) 15.3(15) 10.41412}) 22.2(15)
361 33.1(N - 45.5(6}) 39.01{5} 47.0(7) 22.7(10) 36.9(8) 26.5(7) 39.6(10;
362 46.5(11) 75.8{5}) 46.81(8) 89.9(7) 66.9(11) 82.6(14) 55.4(13) 50.6(10} 56.9(13)
373 33.6(8) 83.4(5) 31.8{5} 66.1(7) 67.3(9) 26.4(14) 78.6{131) 44.1(10)} 60.5(13)
74 54.7(3) 170.0{3} 12.4(4) 112.1(3) 49.5(4) 15.0(6) 36.51(5) 20.21(5} 30.8(5)
375 16.8{4) 10.5(4) 18.5(5} 46.2(5}) 312.8(8) 45.6(8) 69.4(8} 36.8(6) 23.4(8)
376 T1.3(3} 22.0(4) 22.9(7) 10.6(4) 21.7(7) 22.4(9) 27.4(8) 6.0{6) 19.8(8)
arn 36.1(4}) 215.3(3) 62.0{2) 319.5(2) 37.3{2) 34.0(2) 32.8(2) 26.8(2) 36.9(2)
378 0 10.0(2} 3.8(2) 6.5(2) 2L.5(2) 36.5(2) 68.1(2) T.002) 10.5{2) 2.1(2)
79 © 9.3} 3.5(3) 2.0(2) 4.5(2) 5.8(2) 1.0¢2) 7.8{2}) 0.1{2) 0.0¢2)
380 2.7{3) 0.3(3) - 1.3(2) 10.8(2) 3.6(3) 0.0{2}) 0.0{2} 2.6(2)
381 13.1{4) 5.8(3) 5.6(2) 53.8(2) 26.3(2) - 15.3(3) 2.4(2) 5.8(2) 7.612)
a2 25.5{4) 103.5(2) 56.8(2) 2.8() 63.4(4) 6.5(4) 50.3{3) - 5.5{2) 15.7{3)
3a3 33.0{4} 241.7(3) 19.8(2) 61.5(3) 22.2(3) 19.9(¢) 36.3{(3) 24.06{3) 22.0(3}
723 - - - - - - - - -
724 - - - - - - - - -
725 , - - - - - - - - -
126 - - - - - - - - -
727 - - - - - - - - -
728 - - - - - - - - -
Mean -
{fsets)} 37.8(81) 67.6(54) 32.7{60) 54.7(60) 47.8(85) 35.0(101) 42.6(91) 25.9(7) 34.1(94} -{87)
Biomass 47.4 75.3 40.7 68.4 59.9 43.8 52.8 32.4 42.8 30.1
aProliminary analysis
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e Table 17. Mean weight (kg)} of American plaice per tow, by stratum, from R. V. surveys in
} Division 3©. Numbers in parentheses are the number of successful 30-minute t°"s,£§ each stratum.
The stratified mean weight per tow (kg/30 min.) and the biomass estimates (t x 10 "), are glven at
the bottom of the table.’ . :

Year - Trip

No. of 1973 1875 1876 1977 1978 1979 1980
Depth trawlable AIC 207, ’ ATC . AEC 289,
(£m) Stratum units 208, 209 ATC 233 ATC 245 ATC 263 276, 277 .290, 291  ATC 303
51-100 329 129,257 7.8(2) - 91.7(2} 80.2(3) 16.6(5) 61.6(6) 45.8(2)
31-50 330 156,896  47.6(6) 25.7(3) 26.9(3} 101.1{3) 40.0(6) 78.4(7) 22.0(2})
31-50 331 34,248 28.612) 6.4(2) M1.2(2) - 6.8(2) 28.9(3) 28.3(2)
51-100 332 78,636 - 23.6(2) 13.5(3) 10.3¢3)  14.9¢3) 12.9(4) 18.9(2)
101-150 333 11,341 - 5.7{2) 1.6(2) 4.3(2) 2.3(3) 5.3(2) 0.1(2)
151-200 334 6,910 - - 0.0(2} 0.0{2) 0.0¢(3) 0.6(3) 0.0(2)
151-200 335 4,356 0.5(2) - 13.3(3) - 7.1(2) 4.1(2) 1.5(3)
101-150 336 9,088 4.8(3) 7.6{2}) 30.9(2} 10.4(2) 6.8(2) . B8.1(4) - 0.3(2)
| 51-100 337 71,200 16.3(3) 3.0(3)  16.3{2) 21.8{2} 30.5(2) 1.3(4) 6.5(3)
| 31-50 338 142,551 38.8(5) 20.0(2) 62.7(3) 22.9(4) 7.6(5} 19.8(7) 30.2(5)
- 51-100 3319 43,937  152.4(2) 47.2{2) - - 65.5(2)  262.4(3} -
-31-50 340 128,882 - 20.0{3) B1.2(6) 52.1{(3) 18.0(3) 59.2(7) 85.8(2)
31-50 351 189,267  65.7{5) 73.5{4) 56.3(4) - 62.7(5) 18.5(6) 46.8(11) 76.3(10)
.31-50 352 193,773 25.8(5) 77.9(4) 61.1{4) 17.1(5) 8.4(4} 25.5(12)  38.0(11}
31-50 353 96,3286 42.0(3) 72.0(3) 46.3(2} 42.4(3)  41.5(3) 36.0(5) 75.9(4)
51-100 354 35,600  49.0(3) - 32.4(3) 34.5(2) - 17.7{4) 101.8(3)
101-150 355 7,736 0.5(2) 3.6(2) 7.3(2) - - 16.8(4) 8.5(2)
. 151-200 356 4,581 0.9(2) - - - - 11.6(2) 4.8(2)

201-300 717 - - - - - - - -
: 301-400 718 - - - - - - - -
| 2001300 719 - - - - - - - -
: 301-400 720 - - - - - - - -
. 201-300 721 - - - - - - - -
| 301-400 722 - - - - - - - -

? Mean (#sets) 41.2(45) 42.9(34) 52.2(45) 47.4(39}) 21.2(51) 46.5(90) 46.5(59)
Biomass 46.1 49.1 67.6 59.2 27.5% 62.5 60.1
Year — Trip
1980 1982 1984 1985 1986 1987 1988 1989 1990®
ATC ATC 327, ) . WT 58,
Stratum ; 318, 319 328, 329 AN 27 AN 43 WT 47 59, 60 Wr 70 . WT 82 WT 94, 95
I 329 157.0(2) 54.9(6} 25.7(5) 30.5(8) 23.4(8) 49.3(9} 8.2(7) 30.2(9)
i 330 54.6(4) 24.2(7) 48.0(4) 118.4(10) 44.5(9) 56.1(11) 29.6{9}) 40.1(11)
L. 331 - 24.0(4) 80¢.2(3) 98.8(3) 11.4(4) 46.8(2) 43.8(2) 10.7(2)
' 332 - 16.3(4}) 6.0(2) 24.3(5) 38.8(6) 59.4(5} 5.5(4) 16.8(5)
: 333 A ©1.3¢4) 0.0(2} 0.0(2) 0.0(3) 0.4(2) 1.3(2) 0.2(2)
h . 334 . - 0.1¢4) 0.0(2) 1.5¢(2) 0.4{2} 0.8(2) 0.1¢2) 0.4(2)
' 335 . - S 0.2) 0.4{2) 0.2y 0.1(2) 0.4(2) 1.8{(2) 0.1{(2}
336 - 2.5(2) 0.0(2) 1.3(2) 0.3(2) 0.0(2} 1.8(2) 0.5(2)
! 337 - 22.3{3) 7.0(2) 15.8(5} 12.4¢(5} 14.3(6} 6.3(4) 10.5(5)
] 338 - 13.2¢(5} 60.1(5) 59.6(9) 28.5(9) 26.7(9) 50.3(8). 21.3(10)
339 96.5(2}) 27.0¢(4) 160.0(2) 13.9{3) 5.5{(3) 68.5(3) 29.2(3) 84.0(3)
I 340 97.3(3) 35.3(6} 49.5(4) 43.9(9} 35.9(7})- 93.7(9) 56.1(7) 26.3(9)
i : 351 T 180.0(4) 46.3(9) 92.9{6) 73.3(9) 80.3¢(14) ° 71.1{13} 76.9(10} 57.5(13)
! 352 - 36.6{7) 27.0(T) 56.5{11} 34.2(14) 63.5(13) 52.2(11) 35.1(13)
. 353 - 35.0(3} 48.5(2) 55.5(6} 29.2(7) 44.41(6) 21.0¢(5) 28.7(7)
5 354 10.8(2} 34.8(2) 11.8(2) 13.2(3) 95.8(3}) 17.3(2) 6.0(2) 14.0(2)
i 356 30.5{2) - 4.3(2) T.0{2} 0.0(2) 1.2(2) 1.0¢2) 0.0(2)
L .MN7 - - - - - - - -
i © 718 - - - - - - - -
, 719 - ~- - - - - - -
1 720 - - - - - - - -
| 721 - - - - - - - -
i 722 - - - - - - - -
! Mean

(#sets) 115.1(21) 31.8{M} 48.0(56) 57.0(93) 35.9(102) 53.4(100) 37.7(84) 32.6{101) 40.4(92)

Biomass 79.2 42.4 64.5 76.6 48.2 71.7 50.7 43.8 52.9

.Preliminnry analysie.
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X Area
cutside
limit

Biomass (000 t} of A. plaice in strata in Div.
200-mi.

Table 18.
Stratum
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TERLE B1 Rbundance ot age Imitlione! of A.plaice [n Div.3udn
free Panadiar survevs.

38 s2finated

“3LNG
ABE | 1972 1975 1976 1977 1978 1979 19B0 1981 1982 1984 1965 1986 1987 1988 1989
et el o e o e A ke ko B o
) S g b 0 0 r ¢ o ¢ 0 0 0 Q0
r 12 1 ! 1 ? Z 4§ 0 ¢ o L 0 0
30 10 10 13 6 17 7 [ 6 1 3 2 5 4 3
40 13 20 ¥4 W0 N B 3 W 20 3 U4 7 13 12 2%
500 8 27 40 Mo oHz Mo 53 3¢ 2 W 2 1818 27
60 73 47 81 137 144 111 93 83 44 36 46 36 74 69 69
Toyo% B8 %4 1% 198 17: 173 157 Bl 9% 104 120 147 122 99
8 ¢ &0 15 1735 4% 224 240 770 3H1 163 138 126 113 132 122 106
9 1 4B 120 173 189 163 (86 ZIB 235 22B 144 94 33 97 106 B
10 0 60 05 172 173 130 137 141 173 184 95 72 53 5% 46 38
13 52 Bl 108 8 47 76 A4 B4 106 43 45 25 23 27 W
2.1 44 43 68 58 33 3 41 @ 0 27 4 13 18 18 (4
33 2 24 3% 2 W 13 2 7 B 13 12 12 1 o 8
I I T PR R 3 g d T3 8 8 % & &5 3
n . 8 8 12 7 ;] ] b 63 5 % ¢4 4 4 35
67 3 4 b 4 2 3 b 4 4 4 3 I 2 3 2
7 3 t 4 2 1 1 2 2 2z 1t 1 1 1
e z ¢ | l ] 9 1 O N
I A 0 a 0 0 ¢ 0 0 2 0 0 0 0
e e o e e e e
f+ 1 576 688 991 1257 1138 1114 1127 1263 957 625 70 529 636 978 510
2+ 1 576 698 991 1257 1138 1t14 1122 1262 956 623 575 529 636 378 3510
#0970 6B7 990 1256 1137 M2 1120 1239 955 625 575 523 634 578 09
4+ ) 364 677 977 1250 1120 1163 1113 1238 949 624 577 527 &23 574 304
3+ 1 549 657 954 1221 [086 10BO 1098 1218 929 B2 Sbl 520 bBl6 362 478
6+ 1 431 631 314 1143 974 100% 1048 1178 306 611 333 503 587 333 42
70 419 583 BRI 1007 829 897 949 1096 862 575 493 447 G513 460 383
8+ 1 323 495 769 B0 631 726 777 938 741 479 333 IV 366 J44 284
34 . 263 380 594 3Rl 407 4B6 506 627 619 341 264 214 214 212 119
10+ 3 215 260 421 373 244 299 289 112 351 197 170 tal 12 fi6 94
11+ 5 155 134 249 193 013 43 148 158 206 103 9B 68 67 63 Db
12¢ 7 103 93 14t 108 66 67 83 T4 100 33 0§ 43 44 43 b

AGE ! 1974 1975 1976 977 1378 1979 19B0 1981 1982 1983 1384 1385 1985 1987 1988 1989
4ttt e e e i R A e e e e A R T T S S S SS eSS S—m oo ss
S ¢ 0.3 0.9 0.7 0.9 L4 L3 03 02 00 0.2 01 0.0 0.1 0.0 0.0 0.0
b0 57 31 31 65 41 67 3.5 0.6 0.4 L& 06 03 0.7 0.1 0.0 0.2
7 0 10,1 7.0 7.0 8.5 8.4 13.9 1.3 26 20 50 22 2.0 24 L5 L0 1.8
g ! 9.7 9.2 155 11,4 9.5 19.2 149 55 55 94 47 53 47 1 48 77
9 ! 7.5 9,0 133 132 1.6 5.4 167 9.1 10.3 135 B4 113 T.B 144 1L 145
10 1 8.6 7.7 3.9 (0.8 i27 128 16.8 13.2 14.8 12.5 4.2 17.4 10.4 162 14.2 15.2
It | 68 56 6.7 63 %1 9.0 13.4 157 8.2 13.8 18.4 157 12.6 110 13.5 10.9
12 1 44 46 40 41 6.2 3.9 5.6 137 167 122 12.8 10.0 87 6.8 &3 6.5
137 37 37 24 23 13 LI 44 100 9.2 7.4 1.2 4345 29 37 2.8
41 22 26 L9 L4 20 0.7 1.3 55 49 40 6 1.8 1.9 13 1.6 L3
15 7 L0 L4 L1 [0 £3 04 0.8 34 23 20 L& L1 0.9 0.6 0.8 07
6 1 0.6 0.7 0.5 03 0.6 0.2 03 3 0.7 0.6 06 0.3 0.2 0.2 0.3 0.2
7 3 0.3 0.5 0.2 0.2 62 0.1 01 05 0.2 02 01 01 01 0.0 01 2.0
18 7 01 0.2 01 a1 0b 0.0 0.0 0.2 0.1 01 0.0 0.0 0.0 0.0. 0.0 0.0
e L e T L A 8 e W
S0 6.0 $6.7 66.4 67.1 70.6 8.5 93.9 8.5 85.4 825 74.4 709 5.0 62.2 0.2 619
6+ ! &0:7 S5.4 £5.7 £6.2 £9.2 84.2 93.6 8.3 5.4 B2.3 74.3 70.8 54.9 62.2 0.2 6.8
T+ 549 52.3 626 59.5 65.1 77.4 90.1 1.7 85.0 §0.7 73.8 70.5 54.2 6.1 60.2 61.6
g+ ! 44.3 45.2 55,5 Si.01 Sh.7 63.6 7B.8 79.1 830 75.7 7.6 6B.5 §1.7 60.5 59.7 5.8
9¢ ! 35.2 36.0 40.1 3%.8 47,2 44.3 63.3 7.6 77.4 66,3 €6.9 62.6 47.0 5.5 §4.4 52,
10+ 27.8 27.0 26.B 26.6 35.6 28.9 47.2 64.4 67.1 52.B 5B.5 50.8 39.4 39.0 42.5 3.6
e ! 19.0 19.3 16.9 15.8 22.9 16.1 30.4 51,3 §2.3 40.3 44.3 33.3 29.0 22.8 28.3 22.4
12¢ 1 12.3 13.7 10,2 9.5 i3.B 7.1 17.0 35.6 34.0 26,5 25.9 17.6 163 1.9 14.7 I3
13+ 1 7.3 8.0 &1 53 7.6 32 1.5 21,9 17.4 143 131 77 L7 56 6.5 5.0
Ml 42 54 36 20 43 L3 41 1LY 83 69 59 33 2 1 2.8 2.2
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Tablé 24, Results of ADAFRT using BV nos at ages 615,
APPROXIMATE STATISTICS ASSHUMING LINEARITY NEAR SOLUTION
ORTHOGONALITY QFFSET......... ¢.001352
MEAN SQUARE RESIDUALS ....... 4. §39217
AGE PARAMETER ESTINATE STD. ERR. T-8TATISTIC GV,
b ABUNDANCE 1.68591E5 6. 3279064 2.66425E0 0.38
7 ABUNDANCE 1.20473E5 3. 2537084 3. 70266E0 (.2
8 ABUNDANCE  9,076R0E4 2.06267€4 4.40041E0 0.23
3 ABUNDANCE  6.05)21E4 [.24162Ed 4.87366E9 0,2
10 ABUNDANCE  3.19934E4 6.46431E3 4, 94923€0 .20
It ABUNDANCE  1.51501E4 2, 307893 3.21896E0 .19
12 ABUNDANCE  B.80819E3 1. 75420E3 3.02]119E0 ¢.20
13 ABUNDANCE  4.37590F2 1. 04736E3 4.30115E0 0.23
14  ABUNDANCE  2,72388E2 6.92909E7 4,17957€0 ¢.24
15 ABUNDANCE  1.59110E2 3.92153E2 4.05733E0 0.2
6 RV SLOPE  4.58338E 4  4.9B860E 5 9.18811E0 0,11
7 RV SLOPE £.02929E 3 1.0BZ0BE 4 9.51213F(0 ¢ 1]
8 RV SLOPE 1.786%92E_3 F.84654E 4 9,67715E0 0,10
9 RV BLOPE  Z.16323E_3  Z.2IBBIE_4 " 9.74952E0 .10
14 RV SLOPE  2.29674E3  2.35517E 4 3,75190E0 0,10
it RV SLOPE  1.95293E 3 L01751E 4 9.6BO20E0 0.10
12 RV SLOPE  2,233%0E3  .32003E 4  9.62876E0 0.10
A3 RV OSEOPE 2,25063E 3  2.344B7E 4 9.59BG7E0 0.1¢%
14 RV SLOPE  2,402726 3  2.30720E74  9,58329E0 0. 10
15 RV SLOPE  4.01931E23  4.U7137E 4 9.53546EC 010
POPULATION NUMBERS (0008) 77 6790
1973 1376 1977 1978 1379 1980 198l 1982 1983 1584 1985 1386 1987 1938 1949
293628 279214 233591 219923 205236 192039 170578 170205 149282 154677 174528 8431t 185305 208519
229855 239604 227844 190367 178648 1REASH 1356990 139518 139327 122114 126596 142624 148913 150181 168090
192315 185359 192636 180460 151887 140317 133343 128031 113943 113175 99619 102935 107387 115811 120051
124003 150921 143814 149806 139428 112053 106274 107634 03182 90526 91288  794z4 72914 Bl4M 90427
75130 929%0 106043 107131 113243 97190 80350 82680 83781 79233 71121 69626 53890 49841 60111
43537 53156 61116 74552 76181 - 79164 6BBOS  5BA26 59598 61045 59974  4BE52 44906 29601 31647
25377 28494 37356 29942 43478 51056 51954 44358 36389 41821 40969 34533 . 27137 20805 14892
16689 15618 13798 20592 23710 3736 31587 30262 22020 22104 22579 20397 15382 11948 8654
10712 9332 8122 9083 10685 15996  [BGES  IS119 - 1lee7 11226 9987 10132 73 6273 4317
3896 5342 4945 4506 4129 7081 9720 T4lp 5192 3400 4602 4460 2914 3202 2700
3060 2439 2285 2698 163 2734 4381 2899 2250 2007 2146 1987 1263 1207 1576
1593 1183 793 966 877 1052 1635 579 564 739 h37 633 345 341 395
691 6ld 440 . 203 574 622 342 180 124 239 187 kY4 59 K}]
506 136 281 196 87 110 291 i5 94 20 17 N1 7 2 14
1622990 1064472 1030065 10005627 954387 838019 B33932 78B172 727464 704223 703923 699857 6R6771 679244
A.PLAICE 716790 22:53
FISHING MORTALITY 77/ 8190
1979 1976 1977 1978 1979 1380 1931 1982 1983 1384 1985 1986 1987 1988 1989
0,003 0.003 0.005 ¢.008 0,007 0,002 0,001 0.00¢ ¢.001 -0.000 0.002 0,027 0.013 0.006 ¢.001
0.015 0,018 6.033 0.026 ¢.041 0,020 0,004 0,002 0.008 0.004 0,007 06.078 0,038 0.024 0,079
0.042 0.054 0.051 0.038 0,104 0.078 0.019 0.016 G.030 0Q.015 0,027 0.145 0.082 0.047 0.111
0,088 0.153 0.094 €.0B0 O.161 0,132 0.051 0.951 0,064 0,041 0,071 0.192 0.180 0.104 0.125
0.145 0.220 0,152 ¢.141 0.158 0.175 0.113 0.127 0,117 0,085 0.182 0.239 4.3%5 0.254 0,300
0.224 0,296 0.225 0.230 0,200 0,221 0.209 0.277 0,154 0,199 0,345 €. 386 0.56% 0.487 (.358
4.285 0.390 0.232 0.322 0,224 G.286 0.340 0.500 0,293 0.416 0.497 0.609 G.623 0.677 0.950
0.376 0.454 (0,354 0.456 0.1%4 0.33] 0.537 0.733 0.474 - 0,595 0.601 G.826 0.697 0.BI8 0.978
0,436 0,440 0.389 0,388 0.211 ¢,298 0.723 0.869 0,370 0.692 0,606 [.046 0.626 (.6543 0.718
0.674 0,643 0,406 0.797 0.212 0.280 t.010 0.993 (.73¢ ©.723 0.640 1,060 0,681 0.509 0,538
0,730 0,930 0,661 0.924 0,258 0,302 1,351 1.438 0.913 o917 L0001 [.550 1.000 0.918 0.481
0,754 0,789 9.646 1,358 0.224 0,326 1.37% 1,439 1.314 0.927 £.036 2.779 1.366 1.996 0.517
1,428 6.582 0.611 1,181 0.419 0,183 1.205 1.092 1.9%5 1,744 1,350 3.093 2.527 1,271 0,517
0.702 0,739 0.500 0.902 0.225 0.290 1.143 1.144 0,836 0.78% 0,785 1.352 0.B63 0.720 0.517
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Table 5. Feeults of ADART wsing G/ at ages &-10.
APPROXTMATE STATISTICS ASSIMING LINCARITY NEAR SOULTYIGN
ORTHUGUNALTTY OFFSET......... 0.005363
MERN SOUARE RESIDUALS ....... 0.321672
AGE  PARAMETER ESTINATE 810, ERR.  T-STATISTIC  C.V,

6  ABUNDANCE  3.98800E4 1.87657€4 2. 11450E0 0.47
7 RBUNDANCE  2,6R343E4 B.95767E3 2.97335E0 0.34
8 ABUNDANCE  3.35117E4 1. 20001E4 2,99262E0 0.1
9 ABUNDANCE  5.28005E4 1.61660E4 3,266 14E0 0.31
10 ABUNDANCE 4, }1927E4 1.24233E4 3. 3137780 4.30
iF RBUNDANCE 2.75053E4 B.62125E3 3. 19042EG 0.31
12 ABUNDANCE 1.63330E4 5.68148E3 2,98039E0 0.3
13 ABUNDANCE  7.10345€3 2.59359E3 2.73BR5EQ 0.37
14  ABUNDANCE"  3.64234E3 1,28747E3 2.82922E0 . 039
15 ABUNDANCE  1.4Bi78E3 5.23574E2 2.83013E0 0.35
& RV SLOGPE  8.0B206E 6 1.27830E 6  6,3215iE0 .16
7 RV SLOPE  3.64B51E 5 5.6B6TIE 6 5.43920:0 0.16
8 RV SLOPE  9.10993E5 1.33137€5  6.54748E0 0.15
9 RV SLOPE  f.71M41E 4 25916365 6.B03RIED 0,15
10 RV SLOPE  2.80813E4  4.24133E5  6.6208350 0.15
11 "RV SLOPE  4,08401£74 6 UGTITE S 6.R2217E0 0.15
2 PV SLOPE 3.27631E 4 7.983826T%  6.6091850 0.13
3 RV SLOPE  5.801%4E 4  B.BIZIBE S 6.3B309E0 .13
14 RV SLOPE  6.5160KE 4 9.92517E 5  6.56513E0 0.13
15 RV SLOPE  B.7208BE4  1.32749E74  5.56944E0 &.15
POPULATION NUNMBERS (G0S)

1975 1976 1977 1378 1979 1980 1981 1982 1983 1384 1985 1986 1987 (388
292629 279248 233668 220576 204428 197567 184099 203218 130387 {79694 157378 84483 46058 51288
279857 239604 227871 190430 (79183 166234 1G1516 150588 166356 159768 147077 128583 63183 33683
197316 185380 192636 180487 151869 140775 133407 131737 123007 . 133304 127173 119704 96432 48898
124003 150922 143815 149806 139446 112095 1066323 107191 106216 97947 103406 101983  Bebdd 72042

75130 92990 106044 107132 113243 97206 80335 82973 93418 81717 771% 84460 72160 61081
49537 53156 61116 74553 76lB2° 79164 6EBL7 58AS4  5983B 60748 61608 53326 57051 44722
25977 728494 32356 39942 48473 51057 51934 44358 36408 42018 40726 36198 31270 30748
6688 15618 15798 20592 23710 31737 31988 - 30262 22028 22123 22740 20198 16746 15283
10711 9382 a1z 9087 10685 1593 18665 15120 (1667 11233 10002 10263 7148 7389

3896 3342 4943 4506 4129 7081 9720 7416 5193 5400 4608 . 4472 3022 3069

3039 2454 2283 2698 1663 2734 438} 2899 2250 2007 2146 199t 1276 1296

1594 1183 194 966 877 1052  1ES5 929 564 739 637 639 349 349

690 613 440 34} 200 I 622 343 180 124 239 187 kK| 62
503 133 260 195. g7 o9 391 153 94 30 17 3l 7 2
1022986 1064505 1030170 1001301 954104 903381 BS1844 B35B49 BO7605 794853 760975 646744 483439 371913
FISHING NORTALITY a/ 879
boo1975 1976 1977 1978 1979 1986 148t 1982 1983 1984 1983 1986 1987 1988 1989
e e e e e e R T T Y e e e e e e e e e e e s mLm e
51 0.003 0.003 0.005 0.008 0.007 0,000 0,001 0.000 0.001 ¢.000 0.002 0.059 0.055 0.065 (.000
& 0,015 0.018 0,033 0,026 0,041 0.020 0.004 0.002 0.007 0.003 0.006 0.087 0.087 ¢,105 0,388
74 0.042 0,054 0.050 0.058 0.104 0.078° 0,019 0,015 0.0208 0.012 - 0.021 (.123 0,092 0.116 0.643
8 0.088 0.153 0.094 0.080 0.1&1 0,132 0.050 0.051 0.062 0.038 ¢.039 9.146 0.150 0.118 0.332
91 0,146 0,220 0,152 "0.14% 0.158 0.175 0.5 0,127 0.117 (.082 0,166 0.192 ©.278 0,202 0,352
107 0.2 0.296 0,225 0,230 0,200 ,221 0.209 0.277 0.154 0,200 9.332 0,338 (.418 0.295 0.404
11} 6.285 0.390 0.252 0.372 6,224 0.280 0.340 0.500 0.298 0.414 0.30%1 0.571 0.546 0.405 0,412
127 0.376 0.454 0.354 0.456 ¢.194 0,331 0.537 0.733 0.473 0.394 0.3% 0.83% 0.618 -0.574 0.392
13 1 0.496 (.440 0.389 0.5BB 0.201 (.298 0.723 (.89 0.570 0.691 C.605 1.023 0.646 0.315 0.379
141 0.674 0.649 0.406 0,797 ¢.212 0,280 1.010 9.993 0.750 0.723 0.63% 1,034 0.647 6.538 0.374
150 0,750 0.930 0,661 0.924 9,258 0.302 1.350 1.437 0.993 0.917 (.011 1.542 1.095 0.820 0.928
16 1 0.755 0.789 0.646 1.398 0.224 0,326 1.37% 1.439 L.M4 0927 1.055 2.778 1.327 1.832 0.418
17 + 1.432 0.363 0.611 1.162 0.415 ¢.183 1,205 1.0%2 1.59% 1.763 1.348 3.089 2.522 1.133 0.4i8
19 1 0.708 0.744 0.30Z 0.905 0.229 0,290 1,143 [.144 0.836 0.789 0.784 1.346 0,836 0,713 0.418

1989

39360
26309
35643
32406
40830
27273
16795
7047
3614
1466
467 -

15
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Table z&. Results of ADAFT using BV onos at oages 614 wnd /T at aes 9140
ESTINATED PARAMETERS AND STANDARD ERRORS
APPROYIMATE STATISTICS ASSUMING LINEARITY KEAR SOLUTION
ORTHOGONALITY DFFSET,....... 0.017726
MEAN SQUARE RESTDUALS ...... 0.148622
AGE  PARANETER ESTINATE 570. ERR,  T-STATISTIC  C.v
& ABUNDANCE  1.770B1E3 6.87515E4 2.97337E0 -+ 0.3% -
7 ABUNDANCE 1.26672E5 1.53504E4 3.38331€8 0.2
3 ADUNDANCE  1.05262E5 2.13032E4 4. 940B6EL 0.20
T ABUNDANCE  7.26327&4 1, 24763E4 3.82138EG 0.17
10 ABUNDANCE  4.33520E4 7.19475E3 6.03330E0 0.17
11 ABUNDANCE  2.08333f4 3.62261E3 5. 75090E9 0.17
12 ABUNDAMCE  1.10BB6E4 1.9995BE3 5. 53946ED 0.18
13 ABUNDANCE  5,34775E) 1.07985€3 4.95232E0 0.20
14 ABUNDANCE  2,78334E3 6.63116E2 4, 19610E0 0.24
6 RV SLOPE  4.35693E 4 4,85654E 5 9.95296E0 0,11
7RV SLOPE  9.77B33E74  [LOS440E 4. 9,27386E0 0.1
8 RV SLOPE  1.B9220ET)  [,73(J0E74  9.44676E0 0.1
J RV SLOPE  2.0499BE"3  2,15509E°4  9.5122BEQ 0. 11
10 RV SLOPE  2,17230E73  2.28088f 4 9.52660E0 0.10
11 RV SLOPE  1.BSAESE']  1.95592E74  9.49349E0 0.1
12 Ry SLOPE  2,15486E7)  2.28425E 4  9.433SSE0 0,11
13 RV SLOPE  2,20B77€3  2.34BOBE 4 9.40A70E0 0.1
14 SLOPE  2,41071E73  2,365Q1E°4  9.19552E0 0.l
9 C/E SLOPE  1.00094ET3  107074E 4 9.BISOEEQ 0.10
10 C/E SLOPE  1.56618E70  1.59334E 4  9.991M4E0 0,04
ft C/E SLOPE  L.9B334ET  1.99871E 4  9.%2311E0 0.10
12 C/E SLOPE  2.19266E73 2. 20864E 4 9,92762€0 9.1
13 C/E SLOPE  Z2.06831E 3  2.08655E°4  9.91297E0 0.10
1 C/E SLOPE  2.10(85E73°  2.12704E4  9,8B064E0 0.10
106 RESIDUALS FOR CANADIAN RY SURVEY INDEX 10/ 6/9¢
V1975 1976 1977 1978 1979 [9BC 1981 1987 1984 1985 1986 987 198B
e e e e e e e e e e e T M A A A A d e ————————————
61 _0.66] 0.631 0.417 0.649 0.450 0,407 0.274 0.265 0,423 0 292 0.545° 0,107 0,102
74 70,635 T0.546 0.147 0.222 0.272 0,349 0.284 T0.349 0,109 0.038 0.124 0.289 0.030
81 0479 70,234 0.145 0,006 0.[68 0.493 0.555 T0.002 T0.035 0,149 0,141 0.141 0.173
90 70,106 70,076 0.005 0,155 0,071 0.246 0.715 0.435 0.002 0.3 0,309 0.103 T0.045
10} 0,281 0,605 0,475 038 7o, 112 0,024 0.248 0.369 70,158 70,363 0.493 0,343 T0.299
111 0,435 0,952 0,545 0.231 0.008 T0.188 ' 0.087 ¢.542 T0.32¢ T0.224 T0.605 T0.522 0.178
127 0.385 0.972 6.747 70.03¢ 0.189 0,296 0,204 0.126 T0.226 T0.358 T9.382 T0.222 T0.091
135 0,286 0.78¢ 0.548 T0.074 T0.388 70,330 0.516 0.164 0,318 T0.238 0,104 T0.024 T0.030
141 0.290 0.403 0.09t 0.249 0.103 T0.505 10733 0.173 T0. 145 T0.014 0.357 0.247 0271
IR LE
il
61 0.000
7.1 _0.09
3! 038
g1 0.37
10} 0,673
1 0.3
12 ! 0.147
131 0.017
147 0.041

SUN OF RV RESIDUALS :

boI9TE 197
-t
9! 0363 0.7
101 0,422 70,387
11 1 70.443 70, 438
12} 70191 201418
131 0.043 70.294
10128 0101
{193 1983

S i

91 0.164 0.276
19} £:352 0.2%
1§ 0,622 0244
12 1 0.471 0.361
13 1 0,308 0,197
14} 0,176 0.175
SN OF C/E RESIDUALS :

_0.0000000005  NEAN RESIDMAL ¢ _0.0000000000

.LUG RESIDUALS FOR CANAGIAN C/E INDEX

1977 1978

0.139 _0.303
0.428 70,281
0,650 ~0.489
0.541 70,341
0,358 T0.245
70,174 70,099

1979 {580

0.048 €,349
0,324 0.100
0516 0.162
_1.010 0,187
0,953 0398
o2l e

1981 1902 1963

0.199 0,087 0,219
70,047 70,126 _0.038
0.167 0,449 70,15
0,184 0541 0.424
0.429 0,380 D.49]
D.4% 0.426 0.4%5

0.00028q;é42 MEAN RESIOUAL :  0.0000031169

v

107 6796
1984 1985 1986 1987

0.159 0.159 -0.213 0.422
0,134 0,418 70,109 9,506
0.431 0.283 0.229 0.138
0.336 0.119 0.142 0,080
0.460 _0.067 0.098 _0.091
0.420 0.148 0,095 70,139
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PARANETER CORRELATION HATREY 10/ 6/30 .
! { 2 3 4 s & 7 & 4 w0 0 1 0
et e 8 R e e 2 o e e e e o e
¢ E.000 0,050 0.063 0.0 0.027 0.019 0.006 0.009 0.007 0.378 6.024 0.014 0.00%
20 0058 1000 0.060 0.049 0.038 D.077 0.013 ©.009 0.009 [0.207 0.2t 0,013 10013
30 0.643 0,060 1.000 0067 0.053 0.037 0.020 G.015 0.001 .15 0.15 0.(50 T0.013
40 0,634 0.048 0.067 1,000 0.06b 0.045 0,023 0,013 0.084 0,174 0.127 T0.130 0142
§ ) 0.027 0.030 0,037 0,086 1.000 0.059 0.037 6.0 0.0L7 T0.087 T6.035 Tp\DS 0.117
B0 0,003 0.027 0.037 ¢.045 0.85% 1.000 0.052 0.032 6,072 0,069 0.069 0.072 0,084
71 0.006 0.013 0.022 0,029 0,037 0,937 1009 0.030 0.038 70.020 70.050 10.051 0.051
g0 0,009 0.009 0.045 0.019 0,024 0.032 0.030 1.000 0.058 70.033 70.813 10.933 .03
300,007 0,009 2.01] 0.614 0,617 0,027 0.038 0,050 1.000 0.024 0.024 T0.010 T0.024
10! 0,279 0,207 0.156 0.124 0.097 0,063 0,020 0.033 0.024 1,000 "0.085 ~0.050 0,033
114 70.024 0211 70,056 10,127 70.039 T0.08% 0.050 T0.013 0.024 0.085 (.000 0.051 0.034
12 ¢ 70,004 T0.009 0,158 0,130 70.105 T0.072 T0.051 T0.03% T0.010 0.050 0.651 1.000 0.036 .
13 ¢ 70008 0,012 T0.018 10.142 T0.117 T0.084 0,051 T0.03¢ T0.024 (.033 0.034 0.036 1.000
14 1 70,005 0,009 70,013 T0.016 T0.144 To.111 T0.071 T0.083 0.030 C.023 0.624 0.02%6 0.029
151 70,004 70,006 10.009 10.012 T0.015 T0.167 0.113 T0.065 T0.045 0.016 0.0%8 0.013 0.02I
{6 1 76,002 0,004 70.007 T0.008 T0.041 T0.015 10,197 T0.115 0.080 0,008 0.013 0.004 0,015
17 1 0,003 T0.003 70.605 7,067 T0.000 T0.011 10,050 0.205 0.142 0.010 0.008 0.00 0.012
18 ¢ T0.002 T0.004 20,005 70,006 T0.008 "2.010 T0.088 0.052 .25 0.008 0.010 0.007 0.011
19} 70,013 70,018 0.147 0121 70,007 10,065 10,049 9,037 0.021 0.0d46 0.047 0.049 0.0
20 1 70,008 0,01 0.016 T0.124 T0.104 0.071 0.049 T0.037 T0.024 0,023 0.030 0.031 0.035
30,905 10,007 .010 T0.013 70,118 10,090 0.057 T0.036 10.025 6.019 0.020 0.021 0.023
22 © 70,003 0,005 T0.007 0,009 T0.01L T0.122 T0.084 T0.048 T0.033 0.012 0.013 0.014 0.01f
23 | 70,002 0.003 0,005 T0.006 T0.007 "0.010 "0.137 T0.079 T0.055 0.005 0.609 0.040 0.010
241 01002 10,003 0,004 0.005 0.006 10,008 10,034 0.153 T0.161 0.008 0.005 0.007 0.0

W15 16 17 18 19 0w 2 o\ w
0.004 0.002 ¢.003 0.002 0.013 0.008 0.005 0.003 0.002 0,002
0,006 0,004 ~0.403 0,004 0.0:8 0,011 70007 ~0.005 ~0.003 0,003
009 T0.007 0.005 10.005 T0.147 10,016 0.010 70.007 T0.005 0,004
12 7.008 0,007 T0.005 0.121 T0.124 0.013 T0-0069 70005 0,005
S01L 70,008 6,008 T0.097 10,104 0,118 6017 T0.007 0,00
015 0,011 70,010 70,065 T0.071 75,030 20122 T0.010 T0.008
97 70,090 70008 "0.048 0,049 “0.057 "0.084 0.137 0.0

052 70.032 T0.037 0.0 0.048 0.079 10153 '
285 0,073 70,024 70,025 7
008 0.646 T0.029 76,019 T0.012 0 00b
010 0.047 0.030 0,020 £.013 0.003 0,008
007 0.0 0031 0001 0014 Dol0 .07
0

1t 0.033 0.035 0.023 0.016 0.010 9,009
140,024 0,025 0.030 0.0 0.014 0.011
022 0.¢18 0,019 0,023 0.032 0.022 0.017
038 0.014 0
044 0,031 0.
We 6,010 0, 0
010 1,000 0, 0
010 0,029 1,000 0,021 0.

3 0,016 0.013 0.01Z 0.019 0,021 1,000 0.
)|

0

0

[=3
~a
=
=
=
n

-~
=
Py
k=1
=

o
.
0,
0.
0.
015 0.012 0.
0,
0.
0.
0.
i,
0.
0

0

032 0,023 0,017 0.01p €.013 0,084 0.017
22 0,038 0,028 0.026 0.010 0.010 0.01)
017 0.029 0,045 0.032 0.008 0.208 0.009

00 0,016 0.012
LOL6 1,000 0.020

0
0 .
o7 0,011 0.009
0
0
012 0,020 f.000

. FOPUCATION NUMBERS (000S) 10/ 6790
1975 1576 1577 1976 1579 1980 198! 1982 1983 . 1984 1385 986 1987 1988 1989

~~4
S0 293629 279191 233536 21M498 203159 192369 (73401 (79417 168223 186105 201475 210683 195137 218847 232608
61 229966 239504 227825 190322 178267 165195 157260 143467 14687¢ 137621 152326 1646B6 1EBBS0S 157740 176546
71 192404 185368 192636 180444 151781 140025 132536 128253 17877 119350 112396 12400F (26051 133489 126240
&0 124024 150994 43821 149806 139415 112023 106019 1064%4 103363 93174 96344  BIRI9 90162 96243 104900
97 75155 93007 06103 107137 11343 97180 §0336  §2470 2848 79381 73288 73766 62200 63962 72220
T 43691 53176 BLI3 74601 76IB6  79IE4  BE796  SBAOB 59426 60281 59R9R 5327 4B295 3RSRE 43708
117 25498 28620 32373 39954 48518 51060 51950 44330 36368 41681 40343 34632 28630 23579 20597
120 1M3r 18N 18901 20600 23719 3M76S 31390 30263 22014 22091 22465  19BES 15464 13038 10926
131 10692 9743 8203 9167 10637 16004 18652 15122 11667 1222 9376 10038 6892 6139 291
H 3916 5327 5242 4573 4196 7090 9726 7438 5195 S40F 4598 4451 2837 2859 2755
134 3207 2475 2212 L I8 2791 4389 2904 2268 2009 2146 €983 1296 tl44 1295
1 1§91 1304 408 955 1076 1097 1701 533 368 754 638 633 42 333 43
171 743 694 339 352 195 IEL 638 381 183 128 - 23l 188 33 §7 k]
18 : 66B 178 346 217 9% 102 525 182 125 kL] 20 I B 2 12

+-

1024313 1065401 1030736 1000592 952267 896607 837605 600281 796295 759229 775%2 7ESISE 745833 V94302 796972

FISHING MORTALITY . 10/ 6/90
1975 1976 1977 1978 1979 1980 19B) (982 1983 1384 J9A5 1986 1987 198B 198%

+
51 0.007 0.007 0.005 0.008 0.007 0.002 0.00! 0.000 ©0,00f 0.000 0.002 0.023 6.033 0.015 0.062
61 0.015 0,018 0.033 0.026 0.041 0.020 0.004 0,002 0.007 0.002 0.005 4.067 0.033 0,023 0.075
T 0,042 0.034 0.031 0.038 0.104 0.078 0.919 0.015 0.029 0,014 0.024 6.119 0.07¢ 6.041 0.105
85 0,088 0.153 0,094 0.080 0,161 0.132 0,05} 0.081 0,064 0.040 0,067 0.167 C.143 0.087 0.107
90 00146 0,220 0,152 0.141 0,158 0.175 0.115 6,128 (.18 0.085 0,176 0.224 0.331 0,192 0.243
100 0.2230,29% 0,225 0.230 0.200 0.221 9.210 0.277 0.15§ 0.202 0.344 0.363 0.517 0,374 0.377
14 ¢.284 0.388 0.257 0.32] 0.223 0,280 0.240 0.500 0.299 0.418 0.507 0.606 0.580 0.36% 0.5%
121 0,364 0.450 0,331 0.436 0.193 0,330 0.537 0.751 0.474 0.5%5 0.606 0.860 0.692 0,709 0,686
131 0.497 0.420 0.384 0.581 0.211 0.298 0,722 0.869 0.570 0.692 0.507 [,0h3 0.680 0,633 0.544
1417 0,671 9.652 0.378 0.779 0.208 0.280 1.003 0.988 0.750 0.723 0.641 1.064 0.708- 0.592 0.924
151 0.700 0.920 0.666 ©.806'0.249 0,295 1.347 1,432 0,902 0.915 {.0t1 1.556 1.124 1.005 9.623
16 1 0.691 0.683 0.531 [.390 0.178 0.311 1,298 1.418 1.294 0.898 L1.051 2.776 1.59% 2.118 0.623
170 1.227 0,455 0.467 1,096 0.442 0.140 1.083 0.912 1.493 1.641 1.222 2.965 2.499 1.374 0.623
18 1 0.484 0.509 0.385 0.549 0.202 0.313 0.716 0.850 0,559 0.855 0.632 0,979 0,711 0.689 0.623
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Table 27, Farameters uﬁéd i prmjémtimnﬁ o B s ared yielad,
Jar 1, 1990 populaticn Average Partial
Age numbers {000) o _weight (kg) Recruitment
5 213,000 J.167 0.048
6 162,890 0.244 0.010
7 134,120 0.334 0.115
'] 93,048 0.424 0.180
3 77,181 0.491 a.408 !
10 46,371 0.621 0.675
11 24,256 0.807 1.000
12 9,345 1.068 1,000
13 4,505 1.403 1.000
14 2,515 1.762 1.000
15 1,336 2.235 1.000
16 ) 569 2.923 1,000
17 150 3.625 1.000
18 15 . 4.319 1.000
13 s 4,500 1.000
20 0 4.600 1.000
Table 8. Fesults of caloh projection assuming cetol o 1990 = 54,900 f,
POPULATION NUMBERS 17/ 6/%0 CATCH BIOWASS 17/ 6/90
L1989 1990 1991 1992 i 1989 1990 1991 1997
e mm et mmeen e e A
51 213000 213000 213000 213000 5 | 2128 480 415 415
61 176546 162890 171793 132144 6| 7819 o 112 13
7 1 126240 134120 130477 13801% 71 rals 1434 120n 1278
B | 104900 73048 105932 103560 80 4092 1958 1983 1889
9 1 72220 77181 72014 82614 S 1 6967 4170 I34% 347
10 1 43208 46371 55626 52810 10 1 7697 4981 5232 4967
11 | 20597 24256 30745 3795% 11 1 6785 4786 5345 . 4598
12 1 10926 9345 14529 19216 12 | %310 2440 3343 4421
131 5291 4305 - 5597 5081 131 2847 1545 1692 2745
141 2755 2515 2698 3498 141 lelo 1084 1026 1778
15 | 1295 1336 1507 1686 51 1925 730 T2 a12
16 1 343 569 800 947 16 | 177 404 04 593
171 3z 150 341 500 171 51 133 266 391
18 1) 1z 15 90 2 1R | 22 15 84 198
19 l 0 .5 kil "o 19 | 0 6 8 55
20 i 9 0 3 5 20 i o o 3 ;
SRy TTT O T T T e T o e o e e
-5+;i 177366 769306 ?05162 539301 . 541 45990 24900 25343 30250
U] 564366 5a6306 592162 622301 4 641 43842 24420 25428 29835
JHi) SBTETO SN d20%en 4sOL3T THi 41043 23640 24716 29172
8+|1 261580, 259295 2898%! 317138 . A Bil 37229 29706 23508 27844
i " an I !
POPULATION EIOMASS (AVERAGE) 17/ /90 FISHING MORFALITY 17/ 6/90
‘ 1989 1990 1991 1992 I 1929 1990 1991 1992
b e e e s s B o e e e
5 1) 31199.57  32007.03 32038.54  32038.54 5 1 0.068 0.015 0.013 0.0L3
6 | 37664.5£I 35644.65  17646.95  37723.79 4 1 D.075 0.022 0.019 0.019
71| 36339.65  39903.85 38911.L9. 4116036 71 0.105 0.036 0.031 0.051
81| 38301.20 54802.85  19767.55° 387¢ 8% B 10,107 0.05% D.069 0049
9 1) 28647.07  32315.97  30400.9¢ 3487650 91 0.743 0.176 0. 110 0.110
10 1 20384,42 23613.22  28708.26 27254 .8 10 1 0.477 0.211 0.182 G.187
LL i} 11489.47  15315.96  1975%6.14  24438.48 111 0.990 0.713 0.270 9,270
13 | 7740.05 ] 7808.75 12380.53 ]_63;"4n1'? vl 0-636 0 \‘513 0_270 n.270
1al) 3237.12 1 4944.95 626564 10165.00 13 | 0.544 0.313 0,270 0,270
14 1) 3454.5¢ 3467.94 3793.2L 4912 .08 14 0 0.524 0.31% 0.270 0.270
15 11 1972.31  2336.14 7686 .83 3027.i9 . 15 | 0.673 0.31% 0.270 D.270
16 | 682.64 1300.22 1866.15 2196 .7 16 | 0675 0.313 0.270 ©.270
ig [ 81.55 47678 284u9o 1445.4¢ 17 1 0.622 0.313 0.270 0.270
8 55“58 45.00 H0.22 7234l 18 170,607 0.I13 0.270 0.270
191 0.00- 18.85 .19 702,01 19 1 0,000 0.313 0.270 0,270
L 6.00 1. 19.93 20 1 0,000 0.313 0.270 0.270
TTTTm T T T T s e s e T TT T T s T e i o T i e . e m e
541, 223230.06 233955.461 255599.93 275431.89 SHi 0.143 0.055 0.060 0.064
6+1 1 192030.09 201948.58 223561.43 243293.25

| &
741 ¢ 154365.58  166303.93  IR5714.55 2056469.5
Bt) . 118025.93 126400.08 147003.36 144507.7
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Table &39. Fesults of catch projection assuming catoh in 1990 = 40,000 t.

POPULATION NUMBERS 17/ 6/%0 CATCH BIOMASS 17/ 6/90

1989 1990 1991 1992

| |
e e e s T o o i e T e e o e i i
5 1 213000 213000 213000 213000 5 1 2128 821 415 415
& | 176546 162890 169948 172144 6 1 2819 1331 704 713
7 1 126240 134120 128439 134537 71 3Bl8 2436 1189 1264
8 | 104900 93048 103227 101947 : 8 1 4092 3303 1883 1840
9 1 72220 7718L 69156  BOS06 71 62¢2 678B 3216 3744
10 | 43208 46371 50748 50714 10 1 7692 7989 4773 4770
11 | 20597 24256 26414 34627 ' 13 1 6783 7442 4592 6020
L2 | 10926 9345 11602 16509 ' 12 1 5310 3794 2669 - 3798
13 4 5291 4505 4470 7251 13 | 2847 2403 1351 2192
14 2755 2515 2155% 2794 14 1 1810  1é85 8i8 1060
15 | 1295 1336 1203 1347 15 1 122 1135 579 648
16 4 343 569 639 752 16 | 427 632 402 474
17 | 33 150 272 399 17 1 51 207 212 312
18 12 15 © 72 170 18 i 2 24 &7 158
19 | 0 5 7 45 19 i 0 9 7 44
20 | 0 0 3 4 20 ! 0 0 3 4
. S ko s e s i wemne e e o e o e i, e i . s o e e
S+1 717366 769306 781353 818740 5+ 45990 40000 22881 27476
6+ 564366 556306 568353 605740 641 43867 39179 22466 27061
7+] 387820 393416 398405 433596 ~ - T+l 41043 3I7B48 21762 26348
8+] 261580 259295 269967 297059 8+1 37225 35412 20573 25084
POPULATION BIOMASS (AVERAGE) 17/ 4/90 , FISHING MORTALITY 17/ &/90
] 1989 1990 1991 1992 | 1989 1990 1991 1992
e o o i e i i i
5 | 31199.97  31841.00 32038.54  32038.54 51 0,068 0.026°0.013 0.013
6 | 37664.51  3Z5375.75  37242.56  37723.79 6 | 0.075 0.038 0.019 0.019
71 36339.65  39412.13  38303.25 40718.30C 71 0.105 0.062 0.031 0.031
8 | 38301.20 34137.09  38751.74  38269.47 8 ! 0.107 0.097 0.04%9 0.049
9 1 28647.07 30954.4¢  29194.53  33985.80 9 | 0.243 0.219 0.110 0.110
10 | 20384 .42  22021.48  26190.61  26173.28 10 1 0.377 0.363 0.182 0.182
11 1 114B9.47  13846.80  17007.23  22295.25 11 1 0.5%%90 0.537 0.270 0.270
12 4 7740.03 7059.71 9886.45  14067.37 12 1 D.686 0.537 0.270 0.270
13 4 5237.12 A470.61 5003.41 BL17.24 13 1 0.544 0.537 0.270 0.270
14 1 3454 .54 3135.28 3029.06 3927.32 14 1 0.524 0.537 0.270 0.270
15 i 1972.31 2112.05 2145.57 2401.38 15 1 0.623 0.537 0.270 0.270
16 | 682.64 1175.50 1490.21 1753.78 16 1 0.625 0.537 0.270 0.270
17 | 81.55 ©  385.3%9% TB& .46 1155.07 17+ 0.622 0.537 0.270 0.270
18 | 35.56 44,30 247.72 585.67 18 4 0.607 5,537 0.270 0.270
19 | 0.00 - 17.04 24 .90 161.32 19 1 0.000 0.537 0.270 0.270
20 | 0.00 0.00 9.40 15.91 20 | 0.000 0.537 0.270 4.279
o o b e e e e i S Bk e e o e 8 5 5 . S e e e e e oo e SR —— b st S o . o e o A o 7 e
541 223230.06 225988.60 241351.87 263I89.51 5+1 0,143 0.111 0.0%7 0.062

-6t 192050.09 194147.60 209213.33 231350.%7
7+1 154365.58 158771.84 172070.77 193427.18
B+t 118025.93 119359.71  133767.52 152908.8%
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