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Introduction  ,n

From 1559 to 1985 the average nominal catch for Div. 3LN was about 21,000
t ranging from 8,000 t to 45,000 t (Table 1, Fig. 1}. From 1980 to 1985 between
60%-B80% of the total was taken in Div. 3N. Over this. period catches averaged
19,000 t and Russiz was the dominant fleet (Table 2). In 1986, catches doubled
to 43,000 t due to the greater partlcipation of EEC-Portugal in both Div. 3L
{13, 000 t} and Div. 3N (8,000 t). Russia, which had taken the majorlty of its
catch f£rom Div. 3N since 1980, also diverted the major portion of its fishery to
piv, 3L in 1986. In 1987 catches increased again to the highest historically at
78,000 t due primarily to substantial catches by South Korea (about 16,000 t),
EEC-Portugal {6,000 t meore than 1986) and Rusaia (8,000 t more). Since 1987
catches have declined in each year to the preliminary estimate of 25,000 t in
1991.

From 1980 to 1990 the TAC each year for this stock has been 25,000 t. The
TAC was reduced to 14,000 for 1991 and maintained at that level for 1992, Since
1986 the ‘TAC has been exceeded each year, and in some years catChes have ‘been
double (1988) and even triple {1987).

The monthly pattern of the catches in recent years (Table 3} reveals the
fishery 1is prosecuted throughout the year in Div. 3L but more active in the
second half of the year in Div. 3N. A tabulation of the of the catches for each
division by gear type since 1980 (Table 4) shows the bottom trawl is the
predominant method of capture. Since "1986 the shifts in the proporticn of
midwater trawls in Div, 3L is probably reflective of movements of the Russian
fleet as it accounts for most of the catches by this gear.

Commercial Fishery Data

catch and Effort

Catch and effort data were obtained from 1959 to 1988 from ICNAF /NAFG
Statistical Bulletins and were combined with provisional 1989~19%0 NAFO data and
preliminary Canadian data for 19%1. In addition, data avallable in Portugueae

reassarch reports from NAFO SCS Document series for 1%89- 1991 from the annual
Portuguese sampling program were also incorporated inte this database. Only those
data where redfish comprised more than 50% of the total catch were selected for
further analysis except those data that met this criterla for Portugal pricr to
1989 because they were considered confounded with cod directed effort.

The catch/effort data were analyzed with a multiplicative model. (Gavaris
1980} to darive a standardized catch rate series in tons per hour and an
additional series utilizing effort in days fished. Effects included in the model
were a combination country-gear-tonnage class category type (CGT}, NAFO divisien,
month, and a category type representing the amount of bycatch associated w;th
each observation, consistent with last years assessment (eg. see Power and
Atkinson, MS 1989}, : - ’

In the usual practise, catch or effort data of less than 10 units were
- eliminated prior to analysls as were most category types where there was less
than five samples in the database except the year category type. However, for the
analysis utilizing the effort in terms of days fished catch less than 10 tons or
effort less than an arbitrarily chosen 5 days were eliminated prior to analysis.
For all analyses an unweighted regression was run because of unknown percentages
of prorating prior to 1984. The data were analyzed for each division separately
because of different trends in the catch rate series in recent years, which
" viplates a basic assumption of the model if the data are combined,

Preliminary analyses were conducted on data with effort in units of hours
fished to investigate the use of alternate cutoffs for including chservations in
the analysis. This was done to assess the impact on the wvariability of the
resulting index. Initially, indices were to be compared under four scenarios of
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data deletion: (1) the usual less than 10 units, {2) less than 20 units, (3} less
than 50 units and (4) less than 100 units. When the analyses were conducted for
Div. 3L and 3N separately only those for the first two scenarios for Div. 3L and
the first three scenarios for Div. 3N ran to completion and provided parameter
estimates from the APL software version of the model. It is suspected that after
sufficient deletion of data there were some categories for which the model could

not provide parameter estimates because there was no overlap with other category
combinations. .

The results for Div. 3L (Flg. 2a and 2b) show that eliminating leas than

- 20 observations generally reduces the variability. However, it is alsc clear that
trends between some years changed, for example between 1968 and 1972. The results
for Div. 3N (Fig. 3a, 3b, 3c) were quite opposite. The general effect of
increasing the selection criteria was to increase the variability around the
predicted mean. There was alsc a corresponding scaling up of the index as the
selection criteria was increased.

The regression for Div. 3L using effort in hours under scenario (2) was

significant {p <.05), explaining 63% of the variaticn in catch ratea (Table 5).
All category types were significant. For the year category type, only five of the
estimated coefficients are different from 195% {(within 2 s.e.). The standardized
catch rate series (Table 9, Fig. 2b) shows much within year variability and prior
to 1874. There is a slight trend of increase to 1%86 followed by a decline to
1991 except for an intermittent increase ir 1989. The 1991 rate based -on
provisional data is about the lowest rate in the time series.

The regression for Div, 3N using effort in hours under scenario (2} was
significant (p <.05), explaining 66% of the variability in the CPUE data {Table

6). All category types were significant, the month category only marginally
significant. For the year category type only three of the estimated coefficients
are gignificantly different from 1959 (within 2 s.e.}. The standardized catch

rate series (Table 10, Fig. 3b) shows much within year variability over time,
especlally for the period pricr to 1876. There is a general trend of increase to
about the highest rate in the series in 1980 followed by a decline to 1985.

Except for the relatively large increase that occurred 1n 1987 this decline
continued to 1991. The 1991 rate based on provisional data is about the lowest

rate in the time seéries,

Analyses incorporating effort measured in days fished were conducted on the
premise  that such a wunit of effort would reflect time searching for
concentrations of redfish. . ’ .

The regreasicn for Div. 3L was significant {p <.05}, explaining 64% of the
variaticn in‘'the CPUE data (Table 7). All category types were significant. For
the year category type only four of the estimated coefficients are significantly
different from 1959 (within 2 8.e.), The standardized catch rate series {Table
11, Fig. 4) shows much interannual variability throughcut the series especially
prior to 1978. There is a trend of successive increases from 1978 to 1983
followed by a decrease.to 19B85. Catch rate increased again in 1986 to the level
of the 1983 rate and except for an intermittent large increase in 1989 have
decreagsed systematically teo 1991. The 1991 rate hased on previsicnal data is
about the lowest rate over the time series.

The regreasion utilizing effort as days fished for Div. 3N was significant
(p <.05), explaining 70% of the variability in CPUE (Table 8). Only the menth
category type was not significant. Only three years had significantly different
coefficients than 1953 {(within 2 s.e.). Again the catch rate series has much
interannual variability associated with the mean (Table 12, Fig. 5) particularly
prior to 1980 but there is an indication of stability. From 1980 to 1985 there
is a trend of decline followed by successive increases to 1987. Since then the
series shows a continucus decline to 1991, The 1991 rate based on provisional
data is about the lowest in the time series.

Since the multiplicative analyses on Div, 3L and Div. 3N CPFUE data
indicated there was generally no contrast in the estimated catch rate series over
time, general production analyses were not considered appropriate. The results
of previous attempts for Div. 3L (NAFQ Sci. Coun. Rep., 1987) and for Div. 3N
{NAFQ Sci. Coun., Rep., 1988) have been viewed with little confidence.

Commercial fishery sampling

Length compositions from the Portuguese fishery in Div. 3L (Alpcim et al.,
M5 1992) indicate the dominant size in the catch was between 24-32 cm for males
and 22-30 cm for females, Sampling in Div, 3N suggest the dominant size range was
15-28 for males and 19-32 cm for females. Length frequencles available from
limited Canadian sampling from Div. 3L indicate the majority of the catch was
composed of 2€-37 cm for males and 26-45 cm for females (Fig. &),

Rasearch Survey Data

A numbexr of stratified-random surveys have been conducted by Canada in Div.
3L in various years and seasons from 1978 to 1991 in which strata up to a maximum
of 732 m {400 fathoms) were sampled. BAlthough these surveys were conducted at
various times of the year throughout the period, they provide an indicatien of
relative abundance and dynamics of the population. The design of the surveys was
based on the stratification scheme down to 400 fathoms for Div. 3LN (Fig. 7).
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A number of pointa can be drawn from the information in terms of mean number and
mean welght per tow (Table 13-14, Fig. B). Firstly, there 1s a seasonal component
to the distribution, as reflected in an increase from winter through summer and
a subsequent decrease in the fall to a level comparable to the winter density.
This was apparent in the 1985 seasonal surveys and confirmed in 19350 and 1991
when three of the four seascns were covered. It I8 uncloar whother this may
related to migration or availability to the trawl. Second, there are sometimes
rather large changes in stratum by stratum density estimates in adjacent years
where seasons can be compared. This demonatrates the inherent wvariability in tow
by tow estimates within a stratum and reflected in high variance estimates about
the overall mean. In spite of these caveats it appears that the abundance is at
its lowest level in 1991 relative to the whole time period.

Stratified-random surveys conducted by Canada in Div 3N have been of little
value because they have traditionally only covered strata less than 367 m (200
fathoms). However, in 1991 spring and fall surveys covered down to 732 m (400
fathoms} and are included for comparisens to Div. 3L. In addition a redfish
directed survey was conducted in' the summer. Estimates of density in terms of
mean number and welght per standard tow (Table 15-16) are considerably higher
than in Div 3L but it is evident that there is much more variability in these
estimates as well.

"Russian stratified-random bottom trawl surveys in Div. 3L (Power and
Vaskov, MS 1992) indicate that from 1%84 to 1990 there has been a steady decline
in density in terms of mean number and mean weight per atandard tow, The 1991
estimates indicate a three fold increase but still substantially lower than the
level of the mid 1980s (Fig. 9). In Div. 3N, although there are still some rather
dynamic changes over this period, there is alsc an indication of a decline. This
is evident in both the mean number and weight per standard tow (Fig. 10). A
comparison of Canadian and Russlan bottom trawl surveys in Div. 3L indicate a
decline in density estimates in terms of stratified mean weight (Fig. 11) from
1984 to 1690. The Canadian survey indicates a further decline in the density in
1991 evident in both the summer and fall surveys while the Russian survey
indicates a three fold increase. .

Russia has conducted an acoustic survey in Div. 3LN concurrent with the
bottom trawl survey since 1987. Estimates of total abundance and bicmass from the
trawl-acoustic surveys are as follows {from Vaskov and Oganin, MS 1992, Table 5):

Year Abundance {x10°%) Biomasa (f000 t)
1987 510.8 135.0
1988 g22.2 158.1
1989 145.2 29.2
19%0 139.3 39.6
1991 372.5 190.9

* based aasuming that 50% of the resource is in Div.
3LN {see NAFC Sci. Counc. Rep,, 1990, Pg. 66)

From 1988 to 1989 these represent a very large reduction in population size
over a very short pericd of time. Coincident with these observations are large
changes in total biomass eatimates from a trawl-acoustic survey in adjacent Div.
30 between 1889 and 1990 but in the opposite direction (NAFQ Sci. Counc. Rep.,
1991, Pg. 63). To address this issue redfish catches from Russian and Canadian
summer bottom trawl surveys were plotted to see if their distribution may explain
these occurrences (Fig. 12). It is unclear from the distribution of the catches
whether or not the dynamics in Div 3LN relative to Div. 30 are caused by
migrationa. For the timeframe in guestion, between 1988 and 19%0 the Russian
bottom trawl surveys do not show a major shift to account for the magnitude of
the difference. It is quite clear that trawlable biomass has systematically
declined from 1987 tec 19%1. The 19%1 Canadian survey indicates a break in the
distributicn on the very tail of the slopes of the Grand Bank, but no sets were
conducted here. simply because no fishing units were selected during the random
selection process for determining fishing sets. -

Length frequencies and corresponding age distributions from Canadian
surveys in Div. 3L expressed as number per thousand Iindicate there has been
relatively poor recruitment observed over the time pericd covered by the surveys
(Figs. 13-16). For the 1991 spring and fall surveys the research survey catch was
dominated by 21-26 cm fish in the spring and 24-30 cm in the fall corresponding
to the year classes of the early 1980s8. The distribution is different in tha
summer, dominated by a much broader base of 23-35 cm fish demonstrating a fairly
uniform distribution, The changea in the overall distribution in the summer is
coincident with movement of fish into shallower water in summer. Length
frequencies and ages from Div. 3N from 1991 surveys (Fig 17) show different
distributions from Div, 3L for each corresponding seascnal survey, consistencly
being composed of size groups that are much smaller. There was a relatively good
pulse of recruitment picked up in the fall survey in the range of 12-14 cm. There
was evidence from the spring and summer surveys of these small fish but their
numbers were relatively insignificant.

Length compositions from the Russian bottom trawl surveys in Div. 3LN from 1986
to 1981 indicate quite different size distributions in both divisions (Vaskov and
Oganin, M5 1992, Fig. 4-5). The data for Div. 3N suggests the size range sampled
over the time period is generally between 18 and 2% cm while in Div. 3L there
tenda to be a censiderable propertion greater than 2% cm. These surveys alao
indicate a relatively strong pulse of recruitment in Div. 3N in 1989 at 14-16 cm.
This was not observed in Div. 3L. In 1960 the size of this year class was
substantially smaller but in 1991 was the dominant mode in the research catch.
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The catch rate indices derived for Div, 3L and Div, 3N show much within
year variability, particularly prior to 1975. Although some of the changes in
mean c¢atch rate between some years are too dramatic to be solely the result
changes in pepulation abundance, there are indications of decline since the mid
19808 in all the derived indices. This corresponds to a period when some of the
largest catches historically have been taken,

Russian bottom trawl surveys indicate a decline in density to historically
low values in recent years for Div, 3L and Div. 3N. The situation in Div, 3L is
confirmed in the surveys conducted by Canada that cover the deep water

ufficiently One should ke cautious in drawing conclusions about stock status
given the inherent variability in bottom trawl surveys but the signals from the
two survey series suggest the densities are at an all time low over the time
period.

Russian trawl-acoustic estimates of total abundance suggest a rather
dynami¢ reductieon in abundance from an average of 140,000 t in 1587-88 to about
34,000 in 198%-1990, Indications from the 1991 survey suggest a five f£old
increase in total biomass to 190,000 t. The dramatic increase is not conaistent
with the population dynamics ¢f such & long-lived species as redfish. To put
these observations in perspective, the 1illustrative seguential “populaticn:
analyses conducted in last years assessment suggested the very high catches of
1987 and 1988 have generated fishing mortalities, so the. reduction in tetal
biomass to about 34,000 may have been generated by such high fishing mortalities.
Assuming the 190,000 t is a true change in abundance, then the majority of this
biomass must be recruitment. Relative size distributions from the bettom trawl
surveys would tend toc refute this situation. There is no information adequate to
determine a reference catch for this stock.
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Table 1. Summary of nominal catches (t) of redfish in
Divisions 3LN. -

Year 3L 3N Total o TAC
1959 34,107 10,478 44,585

1960 11,463 16,547 28,010

1961 8,349 14,826 23,175

1962 3,425 18,009 21,434

1963 8,191 12,906 21,097

1964 3,898 4,206 8,104

1965 9,451 4,042 13,493

1966 6,927 10,047 16,974

1967 . 7,684 19,504 27,188

1968 2,348 15,265 17,613

1969 927 22,142 23,069

1970 1,029 13,359 14,388

1971 10,043 24,310 34,353

1972 3,095 25,838 28,933

1972 4,709 28,588 33,297

1974 11,419 10,867 22,286 : 28,000,
1975 3,838 14,033 17,871 ‘ 20,000
1976 ‘ 15,971 4,541 20,512 20,000
1977 13,452 3,064 16,516 16,000 ..
1978 : 6,318 5,725 12,043 o7 16,000
1979 5,584 8,483 14,067 18,000
1980 4,367 11,663 16,030 " 25,000
1981 9,407 14,873 24,280 25,000
1982 7,870 13,677 21,547 : 25,000
1983 8,657 11,090 19,747 . 25,000
1984 2,696 12,065 14,761 . 25,000 °
1985 3,677 16,880 20,557 : 25,000
1986 27,833 . 14,972 42,805 . 25,000
1987 30,342 . 40,949 78,4410 © 25,000
1988 22,317 23,049 53, 268! 25,000
19892 18,947 12,902 33, 648" 25,000
19902 15,538 9,217 29,086° - 25,000
1991 7,547 9,496 25, 233h° . 14,000
1992 © - 14,000
provisional.

YIncludes unreported catch estimated by the NAFO Standing Commlttee
on Fishery Science (STACFIS).

‘Includes 1290 t of EREC catch that could not be disagéregated by
division. .



Table 24. Hominal catches (t) of redfish in Div. 3L by country and year. ‘

Country 1880 1981 1982 1983 1984 1983 1986 1987 ives 19a9% 1990° 19918
cansds (M) 354 1,69% 1,000 2,832 32 3‘2 2,397 2,392 5,042 1,095 73 45
Canada () 2,412 5,925 5,910 3,800 1,229 1,716 2,238 2,139 1,444 489 947 364
France (M} 3 - - - - - - L) - 1 - -
France {5P} 11 - - - - - - - - - - -
EEC/Dau - - - - a8 o9 54 - a3 3 3 -
DDR 378 309 12 586 849 672 486 696 661 19 643 -
Garnany - - - - - - - - - - .- asa
Japan 26 128 159 - 108 129 135 114 152 114 151 82
Poland 2 - - z 1 4 - - - - - -
EEC/Portugal 639 275 12% 91 48 4 13,469 19,8%8 9,867 5,408 4,820 8,099
EEC/Bpain - 137 23 347 91 192 199 s 94 109 837 V-
EEC /DK - - - - - - - - - - . - 26
Fussia 345 737 607 1,168 232 Jo9 8,638 4,459 . 5,004 10,0237 7,003 1,032
Kor-8 - - 29 - - - - 164 20 982 1,061 -
Total 4,367 9,407 7,870 3;657 2,696 3,677 27,833 230,342 ) 22,317 18,947 15,538 7.547
Sprovistonal
Table 2a. Kominal catches (t) of redfish in Div. 3K by country and yesr.
Country 1980 1981 1982 19832 1984 198% - 1986 1987 1988 1989* ig30® . 19918
Canada (M) 682 442 - - 13 i - - 1 22 - 9
Canada (N) 167 83 7 1 2 az 17 21 4 4 11 -
France (H) - - - - - - - 8 - - Lo -
DDR - 58 - - - - - - - - 96 -
Garmany - - - - - - - - - - - 12
Japan - - - - 81 - 12 51 - a9 4 3
EEC/Fortugal - - 1 - 3165 890 8,273 7,854 7 2,147 800 1,238 - 3,273
BEC/Bpain | 14 239 278 87% 239 2,881 1,393 132 113 8 24 416 -
Russia 68,944 12,762 10,414 7,844 9,045 10,%76 2,227 14,397 6,735 941 359 4,821,
Cubs: 1,644 1,309 2,621 2,370 2,320 2,083 2,429 2,433 2,483 2,869 . 2,455 1,318 °
UBA 11 - - - - 1] & - - - s -
Kor-8 - - 26 - - - €17 18,053 11,098 8,203 4,640 -
‘Total 11,663 14,873 13,677 11,090 12,068 16,880 14,972 40,949 23,049 12,902 ~ 9,217 9,496
fprovisional

Table M. KNominal catches (t) of redfish in Division 3L by month and year.

Tenr Jan Fub Max Apr May Jun Jul Aug Sep Oct Hov Tec Total

1980 21 112 96 119 37 261 50 10 '-'IB‘ 311 22 1,694 4,367

1981 280 61 137 1,120 2,286 532 73 20 404 161 1,%680 2,283 g,407

1882 1,126 672 1,232 1,225% 298 89 459 37 6431 1,367 173 152 7,870

1901 1,004 44 Wil 1,080 914 Rl 274 LY P 42 1,070 99 114 8,687

19084 241 115 168 360 16 161 49 51 1,002 3le L1 Bl 2,696

194t , 451 120 117 331 215 165 41 78 354 111 441 408 3,677

1986 423 845 3,470 7,266 3,662 503 975 2,196 544 3,964, 2,166 1,819 27,333

1987 2,439 1,631 5,306 1,423 1,765 75 1,233 23,877 3,285 4,215 3,712 1,381 30,342

1988 2,856 1,623 865 1,466 471 1,213 2,776 4,800 1,628 1,869 682 2,068 22,317

1930 786 4,497 4,301 1,140 1,628 501 1,73¢ 1,311 832 1,151 1,002 68 18,947

1990* 153 296 294 B31 586 1,714 3,062 3,679 1,909 1,611 1,056 193 15,3840

Sprovisional. ‘ : o

not include 134 t that could not ba disaggregated by month. '
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Table 3. HNominal catches (t) of redfish in Division IN by month and year.

Year Jan Feb Mar Apr Fny Jun Jul Aug Sap oct Nov Dec Total
1980 1,561 2,798 2,269 121 368 8213 a1 422 1,085 12z 2 1 11,663
1981 6,293 13,657 877 78 77 145 1,035 1,577 413 273 208 - 240 14,873
1982 1,042 1,970 2,81% 1,141 243 100 581 3,156 485 21 12 - 113,677
1983 859 609 2,029 2,186 1,226 675 1,121 1,266 303 376 208 222 11,080
1984 4,362 1,763 1,821 676 67 74 1,694 1,014 156 93 131 14 12,065
1985 1,110 2,162 2,181 4,213 1,668 420 1,665 676 784 541 230 1,223 16,880
1986 392 6ES 406 534 454 915 4,392 Bl 1,196 110 4,131 1,696 14,972
1987 3,787 3,118 1,885 2,203 2,698 2,383 4,339 6,280 7,287 2,431 1,004 3,534 40,949
1988 662 648 B15 841 952 1,295 2,327 4,505 3,390 1,419 3,453 2,742 23,049
1940 ® 5786 151 274 3s0 274 1,183 928 4,109 2,085 1,515 1,164 259 12,902
199" 220 366 537 9 1,003 1,675 1,236 1,716 619 754 858 - 220 ¥,213
Sprovieional.

not include 4 t that could not be disaggregated by ponth.

Table 4. Nominal catches by gear type for redfish in Divisions 3L and 3N.

L 3N
Bottom MW Bottom MW

Year trawl trawl Gillnets Misc. Total trawl trawl Gillnets Misc. Total
1980 3,920 314 133 - 4,367 9,197 2,483 - 3 11,663
1981 8,397 650 223 137 9,407 8,858 5,774 2 239 14,873
1982 7,234 466 145 25 7,870 7,400 6,001 1 275 13,677
1983 7,760 308 238 351 8,657 7,050 3,165 - 875 11,090
1984 2,151 237 218 90 2,696 3,287 8,767 - 11 12,065
1985, 3,092 - 307 128 150 3,677 10,232 6,453 - 195 16,880
1986 18,964 8,624, 122 123 27,833 10,423 3,405 - 1,144 14,972 .
1987 25,294 4,441 176 331 30,342 32,391 8,527 - 31 40,949
1988, 15,435 6,722 105 55 22,317 16,740 6,269 i7 23 23,049
1989I 7,542 10,922 449 34 18,947h 9,131 3,746 - 25 12,902
1990 7,705 7,537. 128 14 15,384 6,507 2,675 10 21 ¢

9,213

:Provisional.
Does not include 154 t that
‘Does not include

4 t that

could not be
could not be

digaggregated by gear.
disaggregated by gear,
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Table 5. Anova results and regression coefficients from a multiplicative model
to derive a standardized catch rate series for redfish in NAFO Div. 3L. Effort
is measured in hours fished. (1989-91 based on preliminary data)

RRGRESSIOR 0F XULTIPLICATIVE NODEL

NULTIBEE Bovosrovronns 0.1% | \ o
NOLTI®EE B SQUARED.....  0.830

CATEGORY CODR  VARIABLE  CORFRICIENT  STD, BEROR  HO. 0B,
ABALYSIS O VARIANCE e e

SOURCE OF S0NS OF NEAR 2M2% 2 0,100 0.083 L1
VARIATION BY  SYUARES SQUARRS P-VALUE 27126 #0208 0.193 5
--------- - - —meeen ——-eee- it 29 0.621 0.187 §

Tt 1 0 018 0,108 |

INTERCEDT R KT 3.33481 H 31 G181 0,108 i
, . 3 0 un 0.0 i
REGRBSS10 % 1.059K2 1,39480 8.682 { 3 0.497 0,081 1
CounkryiGear 16 (1) 29  3.963R1 1.367R0 8.51¢ § k1] 0.231 . 9,100 n
Moath (2} 11 T.HIMRO 7.1858°] 482 7 3 0,138 0,088 52
Bycatch pct (3} 4  1.236R1 3.09080 19.253 § 3 0.0 0,088 H
Year () 32 9.59TK0 3.0308°1 1888 § 3 0.138 0,09 #

10 3 0,006 0,090 It

RESIDUALS 388 6.208R1 1.60SE"1 1 3 0,011 0,095 3
: 12 4 0,15 6,111 19

IL 465 2,015 : 38 i 0,566 0,102 ¥
65 [ R 0.081 1
REGRESSION CORFRICIENTS _ 1% 1 0,998 [9:1 I I

---------------------- 85 4 0,004 0,056 %4

CATEGORY CODE  VARIABLE - COBFRICEENT  STD. ERROR  HO. OBS. (1 6 0.133 179 i
-------------------- mmmmmneee o Bl - 46 0.491 0.230 !
1 3125 INTERCEPT 0.039 0,157 165 62 i 162 0.210 10.
16 : : 53 L] 0,39 0.219 y
5% . : 64 ' I W 1 0.292 3
T : : 85 50 0,034 0.263 !
124 1 0,51 0.184 3 66 51 0,070 0.204 1

3t 3 0.9 - 0.17 7 §7 52 0.486 0,203 16

2185 1 00 6 5 68 59 0,364 0,233 §

31 | 0.4 0.17 13 69 54 0.208 0,206 7

31 LI N 0.154 R} 10 5 0.168 0.24 3

3154 § T I 4 | il 58 0.22 0,238 il

3158 T 013 2 7 §7 0.323 0.1 . 3

10127 B 0,524 0.259 3 B8 0.478 0,216 3

1115 3 0,445 0.194 § "o 5 0,299 0,351 1

11516 i 0,285 0.8 § TS 0,10 0,219 3

11125 il “0.040 LT 1 7% §1. Nk 0,181 2%

1112 i 0,079 0.195 10 i §2 0,070 " 0.136 i

11127 ¥ “0.012 0.131 11 it 53 0,123 0.161 .U

11158 it 0,506 0.19¢ 5 it i 0.048 0.183 1§

14128 15 0,438 0.158 8 80 £ 0.212 0,187 |

14127 16 0,677 0.236 4 8l 66 0.240 0.173 16

16129 11 “0.096 0.162 2 B2 §7 0,215 0. 167 i

17115 18 0,221 0,209 § 13 LN 0.289 0. 166 it

17126 14 0,414 0,196 ] 84 B8 . 0158, . 0.188 12

20114 2 123 - 0,19 S 8 10 0.269 " 0.1 b

20116 2 0,108 0.198. y 86 il 0,288 9.161 0

20127 2 0.342 0,088 53 87 n 0,162 .11 1

20145 25 1,204 0.363 12 ] 1 0,150 0.161 (]

20157 2 0.388 0,082 i g9 il 0,310 0.116 19

25126 2% 0,189 0.198 § i 1 0,09 0.164 |

HE 2 0,247 0.20¢ §

51 18 “0.288 0.268 o
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Table 6. Anova results and regression coefficients from a multiplicative model

to derive a standardized catch rate series for redfish in NAFO Div. 3N. Effort '
is measured in hours fished. (1989-91 based on preliminary data) )

REGRESSTON GF MULTIPLICATIVE MODEL

WULTTPEE Bovuivininn,
NYLTIPEE B SQUARED...

B.811
0.6%

ANALYSLS OF VARIARCE

SOURCE CF SUNS 0F HEAR
TARIATLON DF  SGUARES SQUARES P-TALUE
INTIRCERT 1 4Ll LI
REGRESSION 6 §.1M4E1 143780 3,060
Country!Gear:TC (1) 1T 1.7048% 1, 00380 £.324
Noath {2) 11 3.56880 1041871 2,044
Rycatch pet (3} 4 1.50281 3, 75680 23,688
Year (4} 32 1.684R1 5262871 1,319
RESIDUALS 302 4.788El 1,3868 "t
TOTAL 361 LANRR
REGRESSI0K CORRFICIENTS
CATEGORY CODE  VARTABLE  CORFRICIRNT  S1D. EBROR  HO. OBS.
1 3125 IRTERCEDT 0.420 0.175
P
59
(0w
1 211 1 0,445 0,167
31 ? 0,151 0,138
310 3 “,033 0,197
1 IS 0,918 " 0,156
§157 5 0,550 0.150
11119 b 0,204 0.21
W 1 0,262 0.237
16127 8 0,095 1,239
17116 g 0,015 0,337
£7126 1 0,11 0.231
0114 3| 1,022 0,210
20116 i 0,122 0.23t
0127 1 0. 455 0.122
20157 it 0,504 0.130
25126 15 0.152 011
st 1% 0.540 0,15
21125 1. 0,207 0201
21 18 0,182 0.119
1y 1,168 0.119
1 20 .18 0,121
1 2 0.091 0127
§ y) 0,051 B
1 21 0.016 0.100
§ 2 0068 0.098

13

M

1§
iU

P T T

1
5
16
6

i
th
%
20
il
L}
51

L
10
1l
12
A1
5
1
§8
£ 8
51
62
8
T

65 ..

6
§7
58
59
10
n
n
L
it
(k]
16
]
18
-1
L1
i1
f2
8
B4
fi
86
i1
i8
89
L
)

0116
0,236
0,135

SN

0613

0,632
0,350

0,317
0.108
0.1

. 0,067

0.054
0,073
0,291
.an
0.102
0.1
“0.006
0.037
0,138
.00
0.285
§.354

" 0,364

0,355
0,128
0.1
0.020
0.349
.21
0.212
0.10%
0.014

0,242

0,13

0201
“0.086
0,200
1,708
0,636

0100
bl

f.118
g.122
0,089

0,082

b.077
§.070
¢.226
¢.190
0.170

0,207

0.209
0,218
0.171
0,256
0.382
f.204
¢.201
g.211
0,190
¢, 228
0.238

0,236

0.1
0.22%
AL
317
0.180
0.187
0.114
0,130
0.202

0.8

.19
9,168
g.am
0.180

¢.19¢ -

b3

Fry

[a—y

B END Ead e et b et -
M B3 e Ca3 o R 21 G KX 3 LTV e &1 -3
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Table 7. Anova results and regression coefficients from a multiplicative model
to derive a standardized catch rate series for redfish in NAFO Div. 3L.

‘is measured in days fished. (1989-91 based on preliminary data)

REGRESSION OF NULTIPLICATIVE WODEL

NULEEPLE B..0vivieninn 0,799
KULTIPLE B.SQUARED..... 0,639

ARALYSIS OF VARIAKCE

S0URCE OF
TARLATION

~ IRTERCEPT

 RRCRESSION

Country Gear!tC {1}
Nowth (2}

Bycatch pet (3)
Year (4)

RESIDUALS

T0TAL

LA
i

i

5
21
2128
0155
3
!
3188
10105
10104
11114
11185
11126
11187
11155
14126
16127
17116
17126
0114
20116
0127
20145
20157

SUNS OF

P SQUARES
1 1,530
g E8El
% 4078
11 366680
8.04080
11,088
LI
W6 216083

HEAR
SQUARES

2.63083

1. 15JE0
1,588E0
3335871
2, 01080
LAHET

1523871

BBGRESSION CORFFICIERTS

INTERCEET

D QD —3 O O e 3 B —

O B B3 bt s st b jt b b s bd Rt
L I e I R T I ]

3.1

0607
0,285
0,243
0.528

0310

0,282
0,149
0,208
0562
0.19
0,221
03T
0,959
05
B0
0,169
0,123
1,228
0,410
0,303
0,538
0,563

F-VALUE

!

i

0,167

f.19
g.178
b.202
b.182
0,162
0120
“0.195
B.211
0.199
0110
G225
0.138
0,19
6.169
9.162
0,23
0,208
0.237
0.207
0.152
0.468
0.037

&N
.29
1,188
1.197
PR

—

L
s WP @O T —3 — am 3 —a

—3 e G D O

CATEGORY CODE
. ih126

8127

7125

At

2 1

):
12

£
T

§i

il
f2
3
§4
5
il
B
§8
B3
10

mn-

1
1
T
T8
T
"
&
K]
80
81
82
L}

B

B
8
81
28
19

50
3

Effort

I

VARIABLE  COEFFICIENT  5TY0. EEROR KO, 0BS.

i
§
-
§
%
i
35
3
19
i
H
1
H
28
1
18
k1
5
8
13
18
10
b
i
4
1
n
§

B B a3 Cad L A

i
i
1L
11

13
1%
13

12
A
18
u
i
4]
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Table 8. Anova results and regression coefficients from a multiplicative model
to derive a standardized catch rate series for redfish in NAFO Div. 3N. Effort

is measured in days fished. (1989491_baéed on preliminary data)

ERGRESSION 0P NGLTIPLICATIVE KODEL

NULTIPLE Buvvvsvessos
NILTIPLE & SQUARED. ..

o (.840
o 0706

ARAGYSIS OF VARTARCE

SOURCE OF
TARIATION

IRTERCEDRT

REGRESSIOR
Gountry|Gear!TC (1]
Yonth (2}
Bycateh pet (1)
Year [4)

RESIDOALS

TOTAL

CATEGORY GODE
3128
§

59
2114
314
o
151
1712
20114
ity
20157
22114
25126
25127

: 1

3|

 SUKS OF - NEAR
DE SQUARRS SQUARES P-VALUE
1 2.69583 2,958
57 4.72781 1.70680 11,651
11 44588 £.31380 29,449
11 167680 1,5238°1 1040
{65780 1.64380 1,208
3 168981 5449871 R
a6 4, 043R1 [ 465871
KKT O )
REGRESSION COEFRICERNTS
VARIABLE  COBRPICIENT  STD, ERROR N0, GBS.
IRTERCEPT 2,524 0.215 I
1 0,350 0,194 11
2 0,153 0.171 1
i 0,108 0,198 5
¢ 0,566 0,196 2
5 0,493 0,355 |
§ 71,353 0,273 ¥
! 0,61 0.16% 1
§ 0,780 0,178 i
$ 1,006 0.185 50
10 0.19 0.212 16
11 0.107 0.19¢ - 3
12 0,107 0.122 .
13 0,078 0.1 2
T LK B )| i
it 0.00% 0.126 o
A 01T 0,128 20
i1 8,115 0.107 1
18 0029 0,104 "
19 0,046 0,169 1
20 0,026 0.120 2%
2 “0.043 0.122 13
2 0,188 0,128 i

i

l

.

i i
4

!

o5 —a e e 2 e

CMRGORY CODE  VARIABLE  CORFPICIEAT  ST0. TRROR ° HO. GBS,

LI e el R b B WD G w —8 KB O

) — e B3 @48 e — = =
S D oew did D D 6O D W e D WD
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Table /5. Mean number per standard tow from various Canadian surveys in
Piv. 3N where strata greater than 366 m (200 fathoms) were sampled. Daghes
{-) represent unsampled strata. Number of successful sets in brackets,
W.T. = Wilfred Templeman. :

May 3-11 Aug 11-18 Oct 27-Nov 10

Depth range Area 1991-Q1 1991-Q3 1991-04
Stratum {m) {(sg. n. mi,) (W.T.106) (W.T.109) (w.T.113-114}

357 275-366 164 101.50(2) 2649.00(2) 2380.00(2)
358 185-274 225 9.00(2) 677.00(3) 1867.50(2)
359 93-183 421 0.50(2) 26.25(4) 0.00(2)
377 93-183 100 0.00(2) 0G.00(2) 0.00(1)
378 185-274° 139 5.33(3) 13.00(3) 177.00(2)
379 275-366 106 30.00(2) 6305.20(2) 57.00(1)
380 275-366 116 1.00(2}) 3856.00(2) 197.00(2)
381 185-274 182 0.50(2} 5.00(3) 1.00(2}
382 93-183 647 0.50(2}) 0.00(3) 0.00(3)
723 367-549 158 158.00(2) 328.00(1) 170.00(2)
724 550-731 124 446.85(2) 61.00(1) 34.76(2)
725 367-549 105 148.00(2) 502.67(3} 378.33(1}
726 550-731 72 402.00(2) 91.00(2) 74.00(1)
727 367-549 160 15.50(2} 121.44(4) -
728 550-731 156 72.50(2) 66.50(4) -

Upper (95% c1)® : 134.6 2964.8 850.2

Weighted mean (by area} 56.2 648.9 367.7

(Incl. strata gith 1 set)

Lower (95% CI) -22.2 -1572.3 -32.2

hbundggce of surveyed area 12.1 139.9 : 70.6

(X 107}

8confidence interval of mean for those strata with at least 2 sets.

Table /6. Mean weight (kg) per standard tow from various Canadian surveys
in Div. 3N where strata greater than 366 m (200 fathoms) were sampled.
Dashes {-) represent unsampled strata. Number of successful sets in
brackets. W.T. = Wilfred Templeman.

May 3-11  Aug 11-18 Oct 27-Nov 10

Depth range Area 1991-Q2 1991-Q3 1991-Q4
Stratum {m) {sq. n. mi.) {(W.T.106) (W.T.109) (W.T.113-114)
357 275-366 164 11.13(2) 576.92(2) 324,18(2)
358 185-274 225 0.18(2) 106.19(3) 132.02(2)
359 93-181 421 0.00(2) 0.60(4) 0.00{(2)
377 . 93-183 100 0.00(2) 0.00(2) 0.00(1)
378 185-274 139 0.88(3) 3.68(3) 57.39(2)
379 275-366 106 3.14(2) 949,58(2) 7.25(1)
380 275-366 116 0.03(2) 1041.38(2) 53.54(2)
381 185-274 T o182 0.13{2) 0.97(3) 0.09(2)
382 93-183 647 0.16(2) D.00¢{3) 0.00(3)
723 367-549 155 19,05(2) '188.85(1) 46.42(2)
724 550-731 124 76.18(2) 36.10(1) - 26.17(2)
725 367-549 105 18.78(2) 177.22(3) 127.50(1)
726 550-731 72 97.75(2) 41,17(2) 40.05(1)
127 367-549 ‘ 160 2.85(2) 40.73(4) -
728 550-731 156 22.20(2) 30.75(4) -
Upper {95% CI) : 24.4 729.9 . 160.7
Weighted mean (by area) ‘ 9.7 . 141.7 . 48.7
Lower (95% CI) -5.1 -442.0 -61.7
Trawlable biomass {t) 2085 30552 9350

of surveyed area

8confidence interval of mean for those strata with at least 2 sets.
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Fig. 1. Nominal catches and TACs of redfish in Div. '3LN .
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2a. ‘Standardized CPUE and 95% confidence intervals about the

mean derived from & multiplicative model for Div. 3L catch and effort

data eliminating observations of lass than 10 units.

i



- 20 -

3.5

LOS%Lowar + Mean CPUE - 95%Upper

Tons per hour
- o
o [N 2

-

0.5

T T TT1r 17T 7t r o+ 7 r i 11 111111 1§+ 17T 1T 77 TT

59 61 63 €5 67 € 71 73 75 77 79 &1 &3 85 87 89 9
Year
Fig. 2b. Standardized CPUE and 95% confidence intervals about the

mean derived from a multipilcative model for Div. 3L catch and effort
data eliminating observations of less than 20 units,
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" Fig. 3a, Standardized CPUE and 5% confidence intervals about the
mean derived from a multiplicative mode! for Div. 3N catch and effort
‘ data eliminating observations of less than 10 units.

A
A



- 21 -

35 —

-~ - '95%Lower ~ Mean CPUE - -$5%Upper

ind
[~ o

Tons per hour
n

0.5

obr-r-r-r+—rrr—r—1—rrTr T T T T T T T T T
.53 81 63 65 87 89 71 73 Y5 77 79 Bt 83 85 87 B89 91

Year
Iéig. 3b. Standardized CPUE and 95% confidence intervals about the

mean derived from a multiplicative model for Div. 3N catch and effort
data eliminating observations of less than 20 units.’ ]
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Fig. 3c. Standardized CPUE and 95% confidence intervals about the

mean derived from a multiplicative mode! for Div. 3N catch and effort
data sliminating observations of less than 50 units.
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Fig. 4. Standardized CPUE and 95% confidence intervals about the

mean derived from a multiplicative model for Div. 3L catch and effort
data utilizing days fished as a measure of effort.
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Fig. 5. Standardized CPUE and 95% confidence intervals about the

mean derived from a multiplicative modei for Div. 3N catch and effort
data utilizing days fished as a measure of effort. -
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Fig 8 . Stratified mean .number and weight per standard tow in Div. 3L from
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Figure/g. Length frequencies and correspond'i"’ng age distribution
from various stratified random research surveys where strata greater
than 366 m (200 fathoms) were sampled in Div. 3L from 1978-1984.
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Figure /5 . Length frequencies and corresponding age distribution

from various stratified random research surveys where strate greater

than 366 m (200 fathoms) were sampled in Div. 3L from 1986-1991.
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Figure /6 . Length frequencies and corresponding age d‘ist_ribut"ion
from various stratified random research surveys where strata greater
than 366 m (200 fathoms) were sampled in Div. 3L in 1991.
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Figure /3. Length frequencies and corresponding age distribution
“from various stratified random research surveys where strata greater
than 366 m (200 fathoms) were sampled in Div. 3N in 1991,
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