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Abstract

The fishery for Greenland halibut in this management area began in the early 1960s, using synthetic gillnets in the
deepwater bays of eastern Newfoundland, particularly Trinity Bay. As catches declined here, the effort moved
progressively northward in the other bays along the east and northeast coast of Newfoundland. Catches increased from
fairly low levelsin the early 1960s to over 36,000 tons by 1969 and ranged from 24,000 tons to 39,000 tons over the next
15 years. With the exception of 1987, catchesin the late 1980's were around 18,000 to 20,000 tons. In 1990, an intense
fishery for Greenland halibut devel oped in the NAFO Regulatory Area (NRA) of Div 3L and 3M, in the deepwater areas
known as Sackville Spur and Flemish Pass. The development of this fishery resulted in arapid escalation of catches to
between 47,000-65,000 tons during the early 1990's. After 1994 catches declined to between 15,000-24,000 tons due to
regulation of the fishery from 1995-99. A virtual population analysis was conducted using various ADAPT
formulations. Results from the assessment and mortality estimates from survey data both indicated that fishing mortality
was high during the early 1990's with the escalation in catches up to 1994 but declined to relatively low levels since
then. Year-classes of the early 1990's appear to be above average especially 1993-95. While the direction of the
changein recruitment and population abundance was obvious from these analyses, results may be affected by factors
that cannot be taken into account in traditional analyses such as the ones presented here. In particular, there is
concern with the possible effect of the conversion of the Canadian survey indices from Engel trawl estimates to
Campelen trawl equivalents for very young ages and with the apparent change in survey catchability over time.
Also, as the data available could be equally well explained with very different values for population dynamic
parameters such as natural mortality, it is not possible to estimate without ambiguity the actual population
mechanisms at play.

Catch History and TACs

The fishery for Greenland halibut in this management area began in the early 1960s, using synthetic gillnetsin
the deepwater bays of eastern Newfoundland, particularly Trinity Bay. As catches declined here, the effort moved
progressively northward in the other bays along the east and Northeast coast of Newfoundland. Subsequently, vessels
moved further offshore to the deep channels running between the shallow fishing banks. Catches increased from fairly
low levelsin the early 1960s to over 36,000 tons by 1969 and ranged from 24,000 tons to 39,000 tons over the next 15
years (Table 1A; Fig. 1). With the exception of 1987, catches in the late 1980’s were around 18,000 to 20,000 tons
(Table1A; Fig. 1).

In 1990, an intense fishery for Greenland halibut developed in the NAFO Regulatory Area (NRA) of Div. 3L
and 3M, in the deepwater areas known as Sackville Spur and Flemish Pass. The development of thisfishery resultedin a
rapid escalation of catches to about 47,000 tons in 1990. Catches in the NRA in 1991 to 1993 were estimated to be
around 55,000 tons in each year although some estimates were nearer 75,000 tons in at |east one of these years. Overall,



catches from the stock during 1991 to 1993 were estimated to be between 62,000 and 65,000 tons annually (Table 1B).
Best estimates of catch suggested a decline to about 51,000 tons in 1994, although some estimates ranged as high as
56,000 tons (Table 1B). Asaresult of management measures introduced by the NAFO Fisheries Commission in 1995
(extensive quota restrictions and 100% observer coverage in the NRA), catches were greatly reduced (Table 1B). In
1995, the catch was estimated to be about 15,000 tons, increasing to amost 19,000 in 1996, and to about 20,000 tonsin
1997-98. Catches from the stock in 1995-98 represent a reduction of about two-thirds compared to the average annual
catch of the previous 5 years. The catch increased to about 24,000 tonsin 1999.

The major participantsin this fishery in the NRA have been EU/Spain and EU/Portugal, as well as a variety of
non NAFO-member countries such as Panama, athough by 1994, more than 80% of the catch was estimated to have
been caught by EU (Spain) alone. Prior to 1990, Canada, the former USSR and GDR, as well as Poland were usually the
main participants in the fishery, although Portugal and Japan became increasingly involved in the fishery after 1984
(Table 2). Canadian catches have been taken mostly by gillnet, although a significant proportion has been taken by otter
trawlers. With the exception of 1987, catches declined steadily inside the Canadian zone since the late 1970's from a
high of over 30,000 tonsto less than 3,000 tonsin 1994 and 1995. This declining trend was mainly aresult of low catch
rates and reduced effort, asmulti-licensed vessels fished other species such as snow crab that offered a better return on
costs. Thisfishery improved in 1996 and 1997, and catches increased to around 6,000 tons in each year, but were lower
in both 1998 and 1999 at just over 4000 tons (Table 3). The majority of Canadian catch in the last 3 years has come from
Div. 3K, and the seasonal patterns are similar in both years (Table 3). The breakdown of total catches in 1999, by
country and division, isgivenin Table 4.

The traditional gillnet fishery has been conducted by relatively small vessels (<20 m) fishing in the deepwater
channels near the Newfoundland and Labrador coast as well as the Newfoundland east coast deepwater bays using an
average mesh size of 150 mm. However, this component of the fishery has declined in recent years. The Canadian gillnet
catches taken during recent years are mainly from afishery along the deep edge of the continental slopein Subarea2 and
Divisions 3KL, although some fishing still occursnearshore, mainly with 140 mm gillnets. Some fishing by Canadian
gill-nettersis now taking place along the southwest slope of the Grand Bank in Division 30 although catches have been
relatively low. In an attempt to reduce the catch of young Greenland halibut in the new deepwater gillnet fishery, itis
illegal to use a gillnet mesh size of less than 190 mm while fishing Greenland halibut in the Canadian zone in depths >
400 fath. (732 m).

Canadian otter trawl catches peaked at about 8,000 tons in 1982, declined to less than 1,000 tonsin 1988, then
increased to about 7,400 tons in 1991 which is the highest level since 1982. In 1992 , otter trawl catches were less than
half that of 1991 due to low catch rates. Since then, catches by this fleet have been less than 1600 tons annually, and
were at very low levelsin 1998 and 1999. Almost all the Canadian otter trawl catch in 1996-99 occurred in Divs. 2J and
3K.

The TAC for this resource (Subarea 2 and Div. 3KL only), increased from 35,000 tons in 1980 to 55,000 tons
in 1981-84, and 100,000 tonsin 1986-89 (Table 1A, Fig. 1). These increases in TACs were the result of research vessel
survey estimates of stock biomass which indicated high levels of fishable biomass (in excess of 400,000 tons) aswell as
prospects of several better than average recruiting year-classes. Despite the large TAC's, catches in the 1985 to 1989
period were lower than in the preceding years. After observing an estimated reduction in stock biomass from the late
1970s to the late 1980s in Subarea 2 and Div. 3KL of about 50%, the TAC was reduced to 50,000 tons in 1990. This
level was maintained to 1993 despite the substantive declines in stock size throughout the normal range of observed
historical stock distribution. Although the Scientific Council, in June 1993, could not advise an appropriate catch level
for 1994, the TAC was reduced to 25,000 tons by Canadain Subarea 2 and Divisions 3KL in consideration of low levels
of stock size estimated for the area. It was intended that this catch should include all catches in Subarea 2 and 3 for
conservation purposes. In 1994, management of G. halibut in Subarea 2 and Div. 3KLMNO became the responsibility of
the NAFO Fisheries Commission, which imposed a TAC of 27,000 tonsfor 1995. Thislevel was maintained for 1996 to
1998 inclusive, and was proportioned throughout the management area in an attempt to reduce high concentrations of
effort in localised areas. For both 1999 and 2000, Scientific Council advised that an increase in catch to about 30,000
tons should not impede stock recovery. Notwithstanding the advice, the Fisheries Commission set the TAC for 1999 and
2000 at 33,000 and 35,000 tons, respectively.



Commercial fishery data
i) Catch-at-age and mean weights-at age

Due to the uncertainty regarding catch information on fisheries in the NRA since 1989, as well as the lack of
adequate sampling data for some fleetsin some years, catch-at-age datafor this stock in previous assessments have been
incomplete. Brodie et al. (1998) presented catch at age for Canadian catches only from 1988-97. Prior to 1989, data are
available from the entire annual fisheries which took place mainly in the Canadian zone, and have been presented in
previous assessments of this stock (see Bowering et al. 1996). Asrecommended by STACFIS in the June 1999 report,
an attempt was made to update the Canadian catch-at-age for 1998 and 1999, and to compile the total international catch-
at-age for this stock for years since 1989. The details describing how the updated catch-at-age matrix was constructed
are presented in SCR Doc. 00/24. The catch numbers at age and catch biomass at age are presented in Tables 5 and 6,
respectively.

Ages 6-8 dominated the catch thro ughout the entire time period (Table 5) with ages 12+ contributing about 10-
15% on average to the catch biomass (Table 6). Mean weights (kg) show peculiar patterns in the earliest period likely
due to poor sampling and lack of individua weights (Table 7). Mean weights at age for age groups 5-9 during the recent
period arerelatively stable. For older fish they are rather variable but with little appreciable trend (Table7).

ii) Catch and effort

Catch and effort data from the directed fishery for G. halibut during the period 1975 to 1993 were obtained from
ICNAF/NAFO Statistical Bulletins and were combined with provisional 1994-1998 NAFO Statlant 21B data and 1999
Canadian data. The catch/effort data were analysed with amultiplicative model (Gavaris, 1980) to derive a standardised
catch rateindex for hours fished, as has been done in the recent assessments of this stock. A second standardisation was
conducted for days fished due to missing hours fished data from EU-Portugal since 1992 and EU-Spain since 1995.
Factors included in each model were a combination country-gear-tonnage-class category type (CGT), month, NAFO
Division and year. Consistent with previous catch rate standardisation’ s utilising “hours fished”, individual observations
of catch less than 10 tons or effort less than 10 hours fished were eliminated prior to analysis. Subsequently, any
remaining categories where there were less than five occurrences in the database were also eliminated. For the days
fished model the only difference in a priori elimination was that for the effort, data less than 5 days fished were
eliminated.

For the “hours fished” standardisation, the regression was significant (p < 0.05), explaining 59% of the variation in catch
rates (Table 8). The standardised catch rate index (Table 9, Fig. 2) shows high between and within year variability,
especialy in the late-1970s to mid-1980s. There was an increasing trend from the mid-1970s that peaked in 1982 and
CPUE subsequently fluctuated but declined to the lowest rate observed in the 1997. Catch rate increased marginaly in
1998 and again in 1999 (based solely on Canadian data). The model suggests that for the whole time period, catch rates
were generally higher in winter and best in Subarea 2, based on the coefficientsin Table 8.

For the “days fished” standardisation, the regression was also significant (p < 0.05), explaining 55% of the variation in
catch rates (Table 10). The standardised catch rate index (Table 11, Fig. 2) also shows high between and within year
variability prior to the 1990's. The catch rate was relatively stable to 1984 and, with the exception of an anomalous
increase in 1987, declined by about 50% by 1988. Between 1988 and 1995 the index shows two cycles of increase
followed by a decrease. Since 1995 the index declined gradually to the lowest rate observed in 1999. Similar to the
“hours fished” index, over the whole time period, catch rates were generally higher in winter and higher in Subarea 2,
based on the coefficientsin Table 10.

Mortality estimates from survey data

Total mortality (Z) was calculated by age from the Canadian fall research survey datain Div. 2J,3K from 1978-
99 for ages 2 to 13. Theresultsare shown in Figure 3. A Lowess smoother has been added to the plotsto help visualise
trends. Most ages show little trend across time although ages 4 to 12 showed a slight increasing trend in mortality up to
the late 1980’ searly 1990's, followed by adecrease in more recent years.



Estimates of relative mortality by cohort were obtained from a multiplicative model using the same data. The
following model was used:

log(Nie) =t + di+ad +e

where:  Njx = number at agei for i= 2to 14, or 5to 14, belonging to cohortk in yeart
t = intercept
d = cohort effect
a d = combined age cohort effect
e=residuals from the fitted model

The separate slopes parameter estimates @d,) were plotted as estimates of average total mortality experienced by a
cohort over ages 2-14 or 5-14. Therewasasignificant fit of the model to the datain both cases.

Ages2-14

RP=0.90, n=284

Source DF Typelll SS F Value Pr>F
COHORT 31 12.50 0.38 0.9989

AGE* COHORT 32 1645.26 48.62 0.0001
Ages5-14

RP=0.91, n=218

Source DF Typelll SS FValue Pr>F
COHORT 28 32.43 1.46 0.0758

AGE* COHORT 29 1130.83 49.24 0.0001

For the model using ages 2-14 there was a dlight increase in mortality for cohorts from 1970 to 1983 followed by a
decline (Fig. 4). For the model using ages 5-14 there was an increase in mortality for cohorts from 1970 to 1981
followed by adecline, particularly for the cohorts since 1990 (Fig. 4).

Virtual population analysis

The ADAPT framework (Gavaris, 1988) was used to estimate the population size at the beginning of 2000 by
calibrating a virtual population analysis against the Canadian RV fall survey in Divisions 2J and 3K and the EU
survey in Division 3M. A number of exploratory analyses were carried out and served to identify which data to
include in the analysis. There was a general tendency for the observations to be higher than the predicted values in
the early 1980s and lower than the predicted values for the early 1990s when all data (1978-1999) from the
Canadian survey were used in the analysis. Accordingly, data prior to 1988 were excluded from the analyses
presented here. Also, while CPUE data were available and were used in exploratory analyses, they were not
considered as being reliable indices of stock abundance.

Input data were:

Catch numbers-at-age:

Ci; wherei=2 to 15; t=1975 to 1999 (zero catch for ages 2 to 4).
Canadian Research Vessel survey abundance estimate for 2J3K

RV;;t wherei=2 to 11; t=1988 to 1999
EU Research Vessel survey abundance estimate for 3M

RV2i: wherei=2 to 11; t=1991 to 1999



The parameter estimated through the Adaptive framework were as follows:

1) The stock abundance (numbers) at the beginning of year 2000, N; 2000, Where i=3 to 13
2) The survey catchabilities:

Kij, wherei=2to 11 for the Canadian Research Vessel fall survey in 2J3K

Kz, wherei=2 to 11 for the EU survey in 3M

The following structure was imposed:

1) Natura mortality was assumed to be 0.2 for all ages

2) Thefishing mortality for ages 13-15 in 1999 calculated as average of 11-12. The fishing mortality
on the oldest age (15) in all other years was set equal to the average F for ages 12-14.

3) No"plus" group for ages.

4) No error in the catch numbers-at-age.

The objective function was defined as:

SS= St (IN(RVsiy) - In (Ksi Nip) ) ?
where s (survey identifier)= 1,2, i = 2 to survey maximum age and t spans over the range of yearsfor each survey s.
Results

The results of this analysis are presented in Annex 1. The relative error in the parameter estimates of abundance
ranged from 26% to 53%, ages 5 to 9 having the lowest relative error (31% or less). The relative bias ranged from
4% to 15%, most ages having a bias <7%. The matrix of correlation of parameters shows values that are relatively
low (generaly lessthan 0.2). The fishing mortality, also presented in Annex 1, have been declining in recent years
and are currently relatively low in comparison to the high values reached in the early-1990s.

Implied survey catchabilities. From the results of this analysis, it is possible to calculate the catchability of the
Canadian survey in relation to the virtual population analysis. These results are given in Table 12. These results
suggest that the catchability for older ages (6-11) has changed by a factor of 3 between the two periods. This could
be due to fish moving out of the survey area (because of climatic changes, for instance) or an increase of natural
mortality (which is not accounted for in the underlying VPA). There are indications that the catchability for certain
ages (e.g. 6 and 7) could be returning to their pre-1988 level, and the recent warming of bottom temperature
experienced over the Grand Banks may in part explain that return. It remains unclear how this effect influenced the
estimates of population size for 2000 and how to account for that effect in the years of projection. For these
reasons, the results presented herein should be interpreted with caution.

Alternative formulation. While the approach taken above suggests a change in catchability over time, the results are
entirely dependent upon the value of natural mortality assumed for the analysis. In order to evaluate the effect of
this assumption, we used an ADAPT formulation whereby natural mortality was assumed constant for younger ages,
but expressed as a parameter to be estimated by the model for the older age groups. Natural mortality here is meant
to capture all factors affecting removals from the population and would include, for instance, emigration of older
ages to greater depths outside the area occupied by the fishery. The formulation was as follows:

Input datawere:

Catch numbers-at-age:
G where 1=2 to 12; t=1975 to 1999

Canadian Research Vessel survey abundance estimate for 2J3K
RV, wherei=21t0 9; t=1978 to 1999

EU Research Vessel survey abundance estimate for 3M
RV, wherei=2 to 10; t=1991 to 1999



The parameter estimated through the Adaptive framework were as follows:

1) The stock abundance (numbers) at the beginning of year 2000, N; 2000, Wherei=3 to 11
2) A single constant, say M., for natural mortality M for ages 9+ in al years.
3) The survey catchabilities:

K1, wherei=2to 9 for the Canadian Research Vessel fall survey in 233K

Kz,, wherei=2 to 10 for the EU survey in 3M

The following structure was imposed:

5) Natural mortality was assumed to be 0.2 for ages 2 to 8.

6) Thefishing mortality for age 11 in 1999 calculated as average of 9-10. The fishing mortality on
the oldest age (12) was set equal to the average F for ages 10-11.

7) No"plus" group for ages.

8) No error in the catch numbers-at-age.

The objective function was defined as:
SS= Sgir ( IN(RVsiy) - In (Ksi Niy) )2
where s (survey identifier)= 1,2, i = 2 to survey maximum age and t spans over the range of yearsfor each survey s.

Theresults of this analysis are presented in Annex 2. Natural mortality for ages 9-12 was estimated as 0.54 from this
analysis. The relative error in the parameter estimates of abundance ranged from 29% to 60%, ages 5 to 9 having
the lowest relative error (33% or less). The relative bias ranged from 6% to 17%, most ages having a bias <8%. The
matrix of correlation of parameters shows values that are relatively large (many being in the 0.5 to 0.8 range).
Trends in fishing mortality are presented in Annex 2. While the large correlation coefficients suggest that the
resulting population estimates are largely dependent upon our knowledge of M, the resulting biomass (5+) follows
relatively well the 5+ biomass from the Canadian surveys, a feature that was not present in the previous analysis
(with natural mortality fixed at 0.2).

The relatively large values for the correlation between parameter estimates suggest that the resulting model should
not be used to make absol ute projections without taking into account this correlation.

General. Whilethe direction of the change in recruitment and population abundance is obvious from these analyses,
these results may be affected by factors that cannot be taken into account in traditional analyses such as the ones
presented here. In particular, we are concerned with the possible effect of the conversion of the Canadian survey
indices to Campelen equivalent for very young ages and with the apparent change in survey catchability over time.
Also, as the data available could be equally well explained with very different values for population dynamic
parameters such as natural mortality, it is not possible to estimate without ambiguity the actual population
mechanisms at play.



Table 1A. Catchesand TAC's of Greenland halibut in SA 2 + Div. 3KLMNO, 1960-2000.
Includes some estimated catches for years 1984 and later. TAC's from 1995
onward set by NAFO Fisheries Commission.

Y ear| Catch (tons) Catch (tons)
SA2+Div. 3KL SA2+Div. 3BKLMNO TAC
60, 938 995
61 741 786
62 588 624
63 1602 1621
64 3928 4252
65 9501 10069
66 19244 19276
67| 25644 26525
68 31986 32392
69 36520 37241
70 36402 36839
71 24654 24834
72 29822 30038
73 28944 29291
74 27123 27588 40000
75 28681 28814 40000
76 24599 24611 30000,
77 31941 32048 30000,
78 38532 39070 30000,
79 34069 34104 30000,
80 32642 32867 35000
81 30682 30754 55000
82 26214 26278 55000
83 27839 27861 55000
84 24809 26711 55000
85 18610 20347 75000
86 15878 17976 100000
87 30938 32442 100000
88 19086 19215 100000
89 19496 20034 100000
90 22237 47454 50000,
91 26868 65008 50000
92 35160 63193 50000,
93 29070 62455 50000,
94 51029 25000,
95 15272 27000,
96 18840 27000,
97| 19858 27000
98 19946 27000
99 24232 33000
00 35000




Table 1B. Catches of Greenland halibut by Division, 1977-99.

Year Div. 2G Div. 2H Div. 2] Div. 3K 2+3K Div. 3L Div. 3M Div. 3N Div. 30 3LMNO Total Total
reported edimated

1977 1778 1524 8237 13446 24985 6956 12 3 62 7063 32048

1978 1899 1207 3723 24107 30936 7596 528 6 4 8134 39070

1979 577 1623 3415 19843 25458 8610 12 18 6 8646 34104

1980 36 444 1466 17923 19869 12773 141 16 9 12998 32867

1981 1799 2141 1358 16472 21770 8912 3 49 20 8984 30754

1982 370 8984 5931 6794 22079 4135 2 56 6 4199 26278

1983 111 5671 6028 11374 23184 4655 7 12 3 4677 27861

1984 214 4663 6368 8432 19677 5132 43 12 9 5196 24873 26711
1985 193 2358 6724 5775 15050 3560 184 35 1 3780 18830 20347
1986 455 1564 6823 4237 13079 2799 49 8 4 2860 15939 17976
1987 2700 2631 12464 6860 24655 6283 307 173 0 6763 31418 32442
1988 2068 2463 1971 6389 12891 6195 43 75 6 6324 19215 19215
1989 837 1821 2952 7840 13450 6046 491 38 9 6584 20034 20034
1990 2809 1225 2845 4579 11458 10779 3040 1287 17 15123 26581 47454
1991 3715 2252 3045 2229 11241 15627 3426 4192 37 23282 34523 65008]
1992 1373 235 476 3883 5967 29193 14902 7132 425 51652 57619 63193
1993 963 405 214 2398 3980 25092 8282 14693 644 48711 52691 62455
1994° 1045 210 203 1032 2490 18257 12741 14138 3403 48539 51029 51029
1995° 1109 412 375 641 2537 5843 3454 2948 490 12735 15272 15272
1996° 598 621 1063 2544 4826 4487 783 934 367 6571 11397 18840
1997° 365 619 1734 2658 5376 9227 1965 2958 332 14482 19858 19858
1998° 362 351 1863 1400 3976 10214 3385 2112 259 15970 19946 19946

1999° 65 103 1340 1940 3448 13084 4136 3185 379 20784 24232 24232




Table 2. Greenland halibut landings( tons) by year and country for Subarea 2 and Divisions 3KL only, from 1960-93. Does not include catches from Div. 3MNO. Datafrom
1960-90 from Stat Bull summary 1960-90 (1995), 1991-93 from annual Stat Bull.

1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
country
Canada 660 741 586 776 1757 8082 16209 16604 1332 11553 10706 9408 8952 6840 5745 7807
FRG 278 - - 10 s - 355 4 4 202 13 - 8 707 515 622
Poland - - - 691 1834 939 1114 3296 5806 5406 8266 5234 6986 9060 7105 8447
Iceland - - - - - - - - - 1 - 2 - - - -
Norway - - - - - 1 - - - % 647 - 1389 501 117 -
USSR(Russia) - - - 125 302 479 242 4287 8732 9268 7384 9004 10183 8652 9650 9439
Romania - - - - - - - - - ) 228 7 120 80 - -
GDR - - - - - - 1324 1415 a2 10014 9158 909 402 1681 2701 2025
Denmark-F - - - - - - - - - - - - 970 950 4 -
UK - - 2 - - - - - - - - - 731 201 1112 62
Denmark-G - - - - - - - - - - - - - 65 2
Portugal - - - - - - - - - - - - - 207 161 231
France(M) - - - - - - - - - - - - - - 5 -
France(SPM) - - - - - - - - - - - - - - 6 48
Other - - - - - - - - - - - - - - - -
| Total 938 741 5388 1602 3928 9501 19244 25644 31986 36520 36402 24654 29822 28944 27123 286831

Year

1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1983 1989 1990 1991 1992 1993
Country
Canada 24692 29940 31774 24125 19248 19031 17283 12277 8213 13450 8451 11976 9121 6418 6967 452
FRG/ Deu 1022 15 55 - 57 2 9 482 15 1 43 5 - 8 45 -
Poland 5215 1813 203 1806 111 5258 943 460 177 1001 904 360 - - - -
lceland - - - - - - - - - - - - - - - E
Norway 3 8 1 - - 15 18 1 - - - 8 933 1531 - -
USSR(Russa) 5632 1961 238 3325 1471 937 440 149 770 6716 1063 1058 1313 2753 2 -
Romania 3 - - - - - - - - - - - - - - -
GDR 1636 178 316 1350 2487 2587 2498 1850 1868 3268 2246 1727 2 - - -
Denmark-F 268 - - - - - - 193 451 2877 740 703 508 608 255 14
Spain - 4 - - - - - - - 107 15 13 492 4787 23264 22682
UK 53 110 2 - 1 - 3 - - - - - - 4 9 -
Denmark-G - - - - - - - - - - - - - - - E
Portugal - B 2 16 1818 - 2612 2940 3107 1390 4118 3168 8250 8768 2129 348
France(M) - - - - - - - - - - - 596 - - - E
France(SPM) 5 1 - - 7 - - - - - - - - - -
Japan 3 - 2 60 14 - 1003 258 1277 2128 1506 478 1608 1903 2469 1576
Other - 1 - - - 9 - - - - - - - - - 2
| Total 38532 34069 32642 30682 26214 27839 24800 18610 15878 30038 19086 20002 222371 26780 35160 29072
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Table 3A. Canadian catches of Greenland halibut in SA 2+Div.3KLMNO in 1998.

Gillnet+L ondline Otter Trawl
2G 2H 2] 3K 3L 3N 30 2] 3K 3L 30| Total
Jan 13 13
Feb 1 33 34
Mar 20 20
Apr 34 1 1 36
May| 64 15 95 119 13 2 1 309
Jun 148 344 375 196 4 4 1071
Jul 48 473 577 50 2 14 1164
Au 111 210 307 275 96 999
Sep 20 93 122 49 84 368
Oct 19 2 gl 54 83
Nov 8 8
Dec 0
Total 362 3511 1263] 1379 607 1 100 19 21 1 11 4105

Div. Totals Gear Totals

1998 2G 2H 2J 3K 3L 3N 30 GN oT LL

362 351 1282] 1400 608 1 101 3956 42 107

Table 3B. Canadian catches of Greenland halibut in SA 2+Div. 3KLMNO in 1999.

Gillnet+Longline Otter Trawl
2G 2H 2] 3K 3L 3N 30 2] 3K 30 Total
Jan 32 32 32
Feb 34 34 34
Mar 27 27 27
Apr] 3 36 13 52 52
May 25 211 147 383 383
Jun 216 362 158 21 37 29 823 823
Jul 4 18 438 622 90 3 1] 1176|1176
Au 61 74 317 512 117 1081] 1081
Sep 11 54 176 121 362| 362
Oct 3 14 7 7 31 31
Nov 15 15 15

Dec

Total 65 103] 1050{ 1904 683 130] 44 36 1| 4016] 4016

Div. Totals Gear Totals

1999 2G 2H 2J 3K 3L 3N 30 GN oT LL

65 103] 1094 1940 683 0 131 3870 81 65
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Table 4. Catches of Greenland halibut in SA2+Div. 3KLMNO during 1999 by country and division.

Div. 2G Div. 2H Div. 2J Div. 3K Div. 3L Div. 3M Div. 3N Div. 30 Total
Canada 65 103] 1094 1938 683 131 4014
Japan 2376 42 2 2420
Portugal 2722 602] 603} 67 3994
Spain 4288 3197 1366 172] 9023
Russia 1686 206 1214 11 3117
France 246 791 89 1126
Faroe | slands 538 539
Total 65 103] 1340 1938 13084 4136 3185 381 24232
Data are as reported by each contracting party.
No surveillance or observer estimates are included.
Table5. Catch numbersa age (000s) metrix for Greenland halibut catches by al countries for Subarea 2+ Div. 3KLMNO from 1975-99.
Age(yry 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
4
5 334 17 534 2082 2386 209 863 269 701 902 1983 280 137]
[¢ 2819 610 5012 8415 8727 2086 4517 229 3557 2324 5309 2240 1902
7 5750 3231 10798 8970 12824 9150 9306 6319 9300 5844 5913 6411 11004
8 4956 5413 7346 7576 6136 %679 11451 5763 7514 7682 3500 5091 8934
9 3961 3769 2933 2865 1169 5398 4307 3542 2295 4087 1380 1469 2834
108 1688 2205 1013 1438 481 3828 890 1684 692 1259 512 471 853
11 702 220 723 287 1013 256 59 209 407 159 244 334
12 135 260 130 367 149 128 142 256 76 143 N9 140 281
13 279 101 116 22 143 53 43 163 106 106 87 70 25
14 136 R 0 109 R 14 29 a0 85 58 48 56 169
15 65 19 21 57 83 9 21 63 63 e 21 37 109
16 43 1 25 53 61 2 14 3 9 29 14 23 57
17 45 1 8 0 48 1 5 16 13 19 2 1 18
Totd 20910 16489 28186 33817 32587 31572 32343 21032 25125 22937 19029 16533 26904
Age(yr9 1983 1989 1990 1991 1992 1993 194 1995 199%6 1997 1998 1999
4 0 %5 220 1064 1010 53%5 323 190 335 552 297]
5 29 181 1102 2862 4180 9570 16500 1352 1659 1903 3575 2149
[¢ 3186 1988 6758 776 10922 15928 15815 2342 5197 4169 5407 5625
7 8136 7480 12632 13152 20639 17716 11142 3201 6387 7544 5787 8611
8 4380 4273 7557 10796 12205 11918 6739 2130 1914 3215 3653 3793
9 1283 1482 4072 7145 4332 4642 3081 1183 956 1139 1435 1659
108 465 767 2692 3721 1762 1836 1103 540 504 606 41 623
11 201 438 1204 1865 1012 1055 811 345 436 420 377 43
12 105 267 835 1216 738 %4 422 273 233 246 161 306
13 107 145 434 558 3% 401 320 251 143 137 R 145
14 62 49 212 2711 214 113 161 8 60 57 3 89
15 53 20 89 124 91 45 45 55 21 23 14 ]
14 12 1 14 17 24 20 9 47 6 8 3 13
17 2 1 3 1 6 4 0 15 2 0 0 5
Totd 18292 17093 37751 49712 57585 65223 61542 12140 17707 19800 21629 23




Tadle6. Catch biomess (tons) & age metrix for Greanland hdlibut catches by dll countriesfor Suberea 2+ Div. 3KLMNO from 197599,

ARH 1975 1976 1977 1978 1979 19890 1981 192 1983 1984 1985 1966 1987
4 0 0 0 0 0 0 0 0 0 0 0 0 q
q a8 10 6 1816 1453 108 38 141 20 30 127 8 5
q 24 464 ko) 6396 6633 135 21 1572 237 13% 277 138 1
1 5001 1B 18R &6 12047 761 7737 5630 e a7 564 510 o109
q 538 641 g2 w15 AR 108 112 12 8967 50 30 S0 1056
g 658 5065 634 577 1847 607 5341 4063 3787 5067 pecil 21 4504
1 370 874 238 ar 1083 83 1513 W15 152 %43 147 %0 1817
1 18% 237 54 192 774 1501 &9 1419 60 100 463 o 1082
12 454 877 40 2% 501 8 497 8% an 40 7 53 1012
13 100 ! 51 83 56 167 o 74 537 477 3 5 1039
1 619 147 137 4% 419 64 171 465 515 Bl pee) wm o)
15 87 1w 13 30 y') a7 1w am 46 26 154 20 09
16 s 6 181 @Bl 7 14 1 P ) 25 18 24 e
17 » 7 &4 m 30 10 51 18 145 181 P © 179
Tod 284 261l 0B 300 M4 3/ I/ X8 ZEEl BTl ABW 1O 0442
Accepted 204 261l 0B 300 M4 3/ I/ X8 @l BTl ABW 1O 24
cach ()
Retio 100 100 100 100 100 100 100 100 100 100 100 100 100
ARH™ 1968 199 190 1901 192 1993 1994 195 1996 1997 198 1909
4 0 0 17 54 a7 24 108 % % & 16 e
q 107 ) 3 1096 1797 H17 5438 1 57 6 133 G
q 1813 1116 38 4501 6200 g8 a 04 B2 200 2% o0
1 6850 57% %77 1002 1634 143%7 8778 2587 5312 5816 4650 7108
q 504 w62 854 1B 1506 e 6 2560 643 k17 o0 475
q 219 257 B0 12967 796 vl 20 281 w2 1966 518 PIS
1 100 1716 5860 9150 538 20 ps0) 120 1249 1427 ©r 129
1 06 1313 337 6171 261 36 %5 1076 1372 8 1166 o
L7 44 1031 8 5067 pecil sl 1501 102 am a7 &5 1074
13 53 714 287 27 216 193 151 128 o7 68 am 6
1 ® poec) 129 1743 1319 68 %0 504 ® ] 197 45
15 &8 143 64 ® 680 k%) 3B 30 147 150 a n
16 m 8 10 163 a1 168 &4 ¥6 % &8 3 100
17 5 10 % 10 ) ke 0 3% 2 0 2 P
Tod 19215 120 4Pl @I 63R 650 0 4™ 158 174 19186 1986l 23D
Accpted 1215 20034 47454 0B G\ 645 S 1R 1830 1988 19946 229

cach ()

096

12

090

0A

097

100




Teble, Commend Gesrlard et meenweighsat agp () for L beea2ad Div. KL (197588 i SA2+Div. KLMNO (19899,

13

Aehr 1975 196 1977 1978 19 190 181 jissd 1983 jie<73 1% 19865 1981
4
4
9 060 061 060 061 060 0514 (074 055 0412 0377 053 030 03A
q Q780 070 Q780 070 Q780 06D 038 0634 0629 0533 0749 0534 05
1 0%b 096 0%b 096 0%b 08D Q7 08a1 0851 08% oiezil 0811 083
s 1120 110 1120 110 110 1080 0% 1130 1180 110 120 1100 1169
9 130 130 130 130 10 1150 120 140 160 140 160 130 15
1 2210 2210 2210 2210 2210 1220 170 170 2290 190 2290 2120 213
il 210 210 210 210 210 150 2480 230 3010 2630 290 280 281
1 330 330 330 330 330 2710 3510 340 390 340 3710 380 36
13 380 330 380 330 380 310 470 4510 5080 440 480 4990 4633
14 450 450 450 450 450 440 590 580 6030 570 6130 600 54
iis 590 590 590 590 590 5010 8030 750 7310 6850 7160 76400 66/
1q 7140 7140 7140 71490 7140 700 8710 8630 8600 830 890 9810 780
11 780 780 780 780 780 10100 950 1130 11.30 950 11810 10100 9840
Al 1983 18 190 11 12 193 jlee) 19%6 19% 197 198 19
o 000 002 (0105 ] 008 0145
3 000 01% 017 014 0080 0161 0120 0119 014
4 0181 0244 028 022 Q1% 0288 022 0206 0228 0253
g 033 0400 0338 0383 0430 038 030 033 0330 03% 0373 034
q 050 0561 0546 052 0577 047 0514 031 0541 048 0543 0533
1 08B Q767 Q7% 0831 Q78 08® Q788 08B 082 Q7. 0810 084
s 1163 10 119 128 1234 1207 110 12x» 12r 119 123 1253
9 161 167 1638 1811 1816 178 1 17 180 17z 1™ 16
1q 2216 2237 2173 2461 242 230 228 246 2478 235 2381 28]
il 3007 2997 284 330 312 299 290 312 3148 303 306 283
1 395 382 373 44 3972 396 376 3813 386 3953 4010 359
13 5001 4919 4601 533 500 4816 482 4813 4983 5108 51 4459
14 628 6000 585B 6437 6173 57142 5963 582 5831 588 5834 51K
iis 4 704 7257 798 714 7176 740 (S92 6857 668 6445 6131
1q 9187 7547 9006 a4 8243 8511 755 7461 7918 8183 720 7481
11 a4 963 10080 9433 940 9823 4% 908 831 820 8218 8623
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Table 8.  ANOVA results and regression coefficients from amultiplicative model utilized to derive astandardized
catch rate series for Greenland halibut in NAFO SA2 + Div. 3KLMNO. Effort is HOURS fished. (1999
based on preliminary data).

REGRESSION OF MULTIPLICATIVE MODEL 3 21 31 0.022 0.084 52
MULTIPLE R............. 0.771 23 32 0.016 0.065 109
MULTIPLE R SQUARED..... 0.594 31 33 -0.226 0.079 108
—-—— - 32 34 -0.147 0.088 181
ANALYSIS OF VARIANCE 33 35 -0.451 0.105 85
—-—— - 34 36 -0.215 0.111 61
SOURCE OF SUMS OF MEAN 35 37 -0.235 0.143 21
VARIATION DF SQUARES SQUARE F-VALUE 4 76 38 -0.075 0.226 11
————————— —_— - —————— e 77 39 0.089 0.217 19
INTERCEPT 1 7.06E2 7.06E2 78 40 0.305 0.235 18
79 41 0.110 0.231 10
REGRESSION 61 1.86E2 3.05E0 16.341 80 42 0.336 0.238 12
Cntry|Gear|TC 19 3.76El 1.98E0 10.587 81 43 0.144 0.226 15
Division 11  1.09E1l 9.89E-1 5.292 82 44 0.403 0.220 19
Month 7 7.35EO0 1.05E0 5.622 83 45 0.351 0.213 24
Year 24  2.56E1 1.06E0 5.698 84 46 0.284 0.215 23
85 47 0.081 0.216 21
RESIDUALS 682 1.27E2 1.87E-1 86 48 -0.190 0.215 24
TOTAL 744  1.02E3 87 49 0.099 0.207 33
88 50 -0.270 0.216 22
REGRESSION COEFFICIENTS 89 51 -0.106 0.220 22
VAR REG. STD. NO. 90 52 -0.044 0.219 26
CATEGORY _CODE # COEF ERR  OBS 91 53 -0.330 0.214 51
92 54 -0.459 0.213 100
Cntry|]Gear|TC 3125 |INT -0.801 0.215 744 93 55 -0.256 0.216 84
Division 9 94 56 -0.402 0.218 100
Month 22 95 57 -0.301 0.232 21
Year 75 96 58 -0.482 0.225 23
1 3123 1 -0.211 0.157 9 97 59 -0.602 0.225 24
3126 2 -0.126 0.168 8 98 60 -0.417 0.233 34
10127 3 1.051 0.187 8 99 61 -0.313 0.368 2
11125 4 0.232 0.134 16
11126 5 -0.127 0.205 6 LEGEND FOR AVOVA RESULTS:
11127 6 0.375 0.125 17
14124 7 0.476 0.080 96
14126 8 0.739 0.114 23 CGT CODES:
14127 9 0.450 0.104 35
15126 10 0.316 0.202 6 3123 = Can(NFLD) TC 3 | 15126 = Norway
16127 11 0.263 0.090 51
19124 12 -0.323 0.097 102 3125 = Can(NFLD) TC 5 | 16127 = Poland
19125 13 -0.041 0.106 75 3126 = " TC 6 | 19124 = Spain
19126 14 0.276 0.121 28
20125 15 0.335 0.189 7 10127 = Former FRG TC 7 | 19125 =
20126 16 -0.092 0.145 12 11125 = Former DDR TC 5 | 19126 =
20127 17 0.006 0.097 37
27125 18 0.216 0.105 24 11126 = " TC 6 | 20125 = Former USSR
34125 19 0.528 0.161 17 “ _
2 1 20 0.268 0.092 33 1127 = TC 71 20126 =
2 21 0.175 0.090 36 14124 = Japan TC 4 | 20127 =
3 22 -0.013 0.083 47
4 23 -0.027 0.081 50 14126 = " TC 6 I 27125 = Can(M)
5 24 0.167 0.084 44 14127 = " TC 7 | 34125 = Russia
6 25 0.179 0.079 51
7 26 0.031 0.071 69 All of the above CGT are Stern Trawlers
8 27 0.103 0.065 86
10 28 -0.257 0.069 76
11 29 -0.041 0.067 85 DIVISION CODES:
12 30 0.087 0.072 69
VAR REG. STD. NO. 21 = 2G, 22 = 2H, 23 = 2J, 31 = 3K, 32 = 3L
CATEGORY _CODE # _ COEF ERR _ OBS 33 = 3M, 34 = 3N, 35 = 30

TC
TC
TC
TC
TC
TC
TC
TC
TC
TC

a o0 N o o oo g b~ N O
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Table 9. Standardized catch rate index for Greenland halibut in NAFO SA2+ Div. 3KLMNO from a multiplicative model
utilizing HOURS FISHED as ameasure of effort. (1999 based on preliminary data).

PREDICTED CATCH RATE

LN TRANSFORM RETRANSFORMED

YEAR MEAN S.E. MEAN S.E. CATCH EFFORT
1975 -0.8013 0.0461 0.481 0.102 28814 59843
1976 -0.8766 0.0245 0.451 0.070 24611 54514
1977 -0.7121 0.0193 0.534 0.074 32048 60067
1978 -0.4964 0.0219 0.661 0.097 39070 59099
1979 -0.6915 0.0299 0.542 0.093 34104 62951
1980 -0.4651 0.0223 0.682 0.101 32867 48193
1981 -0.6570 0.0195 0.564 0.078 30754 54555
1982 -0.3986 0.0153 0.731 0.090 26278 35925
1983 -0.4507 0.0134 0.695 0.080 27861 40089
1984 -0.5173 0.0126 0.650 0.073 26711 41065
1985 -0.7206 0.0149 0.530 0.064 20347 38377
1986 -0.9916 0.0136 0.405 0.047 17976 44430
1987 -0.7022 0.0137 0.540 0.063 32442 60034
1988 -1.0709 0.0148 0.374 0.045 19215 51440
1989 -0.9069 0.0140 0.440 0.052 20034 45506
1990 -0.8450 0.0117 0.469 0.051 47454 101201
1991 -1.1318 0.0111 0.352 0.037 65008 184623
1992 -1.2601 0.0107 0.310 0.032 63193 203985
1993 -1.0574 0.0119 0.379 0.041 62455 164722
1994 -1.2034 0.0129 0.327 0.037 51029 155822
1995 -1.1024 0.0203 0.361 0.051 15272 42310
1996 -1.2831 0.0165 0.302 0.039 18840 62414
1997 -1.4034 0.0167 0.268 0.035 19858 74205
1998 -1.2179 0.0209 0.321 0.046 19946 62041
1999 -1.1144 0.1031 0.342 0.107 27000 78908

AVERAGE C.V. FOR THE RETRANSFORMED MEAN: 0.138
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Table10. ANOVA results and regression coefficients from amultiplicative model utilized to derive a standardized
catch rate seriesfor Greenland halibut in NAFO SA2 + Div. 3KLMNO. Effortis DAY Sfished. (1999 based
onpreliminary data).

REGRESSION OF MULTIPLICATIVE MODEL

MULTIPLE R............. 0.742
MULTIPLE R SQUARED..... 0.550
ANALYSIS OF VARIANCE
SOURCE OF SUMS OF MEAN
VARIATION DF SQUARES SQUARE F-VALUE
INTERCEPT 1 1.90E3 1.90E3
REGRESSION 62  1.95E2 3.15E0 14.710
Cntry|Gear|TC 20 5.39El 2.69E0 12.577
Division 11 1.45E1 1.32E0 6.167
Month 7 1.85E1 2.64E0 12.321
Year 24  2_.15E1 8.97E-1 4.189
RESIDUALS 746  1.60E2 2.14E-1
TOTAL 809 2.26E3
REGRESSION COEFFICIENTS
VAR REG. STD. NO.
CATEGORY _ CODE # COEF ERR _ OBS
Cntry|Gear|TC 3125 INT 2.050 0.238 809
Division 9
Month 22
Year 75
1 3123 1 -0.525 0.161 10
3126 2 -0.116 0.179 8
9125 3 0.458 0.132 21
11125 4 -0.079 0.140 18
11126 5 -0.295 0.243 5
11127 6 0.154 0.142 16
14124 7 0.461 0.090 91
14126 8 0.552 0.140 19
14127 9 0.420 0.116 30
15126 10 0.286 0.235 5
16127 11 0.166 0.105 46
17126 12 -0.299 0.104 77
19124 13 -0.292 0.102 101
19125 14 -0.182 0.104 111
19126 15 0.405 0.132 28
20125 16 0.314 0.217 6
20126 17 -0.367 0.169 10
20127 18 -0.247 0.109 35
27125 19 0.132 0.134 16
34125 20 0.481 0.160 15
2 1 21 0.322 0.092 39
2 22 0.268 0.090 41
3 23 0.041 0.081 59
4 24 0.099 0.080 60
5 25 0.303 0.082 54
6 26 0.204 0.079 60
7 27 0.147 0.077 65
8 28 0.184 0.068 91
10 29 -0.195 0.073 76
VAR REG. STD. NO.
CATEGORY _CODE # COEF ERR 0OBS

11
12
3 21
23
31
32
33
34
35
4 76
7
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

LEGEND FOR AVOVA RESULTS:

CGT CODES
3123
3125
3126
9125
11125
11126
11127

14124 =

14126
14127
15126

All of the above CGT

DIV
21 =
33 =

= Can(NFLD)
= Can(NFLD)

= Fra (SPM)

= Former DDR

= Norway

ISION CODES:

30 -0.072
31  0.050
32 0.123
33 0.070
34 -0.272
35 -0.214
36 -0.673
37 -0.388
38 -0.368
39 -0.152
40 -0.062
41 -0.044
42 -0.012
43  0.107
44 -0.270
45 0.103
46 -0.030
47  0.064
48 -0.154
49 -0.354
50 -0.095
51 -0.543
52 -0.351
53 -0.338
54 -0.472
55 -0.578
56 -0.345
57 -0.322
58 -0.594
59 -0.613
60 -0.680
61 -0.682
62 -0.674
TC 3 | 16127
TC 5 | 17126
TC 6 | 19124
TC 5 | 19125
TC 5 | 19126
TC 6 | 20125
TC 7 | 20126
TC 4 | 20127
TC 6 | 27125
TC 7 | 34125
TC 6 |

2G, 22 = 2H, 23 =
3M, 34 = 3N, 35 =

0.071 86
0.075 78
0.100 43
0.076 100
0.093 97
0.101 233
0.115 98
0.116 104
0.151 23
0.249 9
0.239 15
0.272 9
0.260 8
0.277 8
0.253 12
0.239 18
0.229 25
0.235 21
0.241 17
0.241 16
0.229 27
0.235 21
0.243 19
0.240 24
0.234 45
0.232 99
0.233 86
0.234 108
0.243 33
0.237 42
0.238 41
0.235 98
0.396 2
= Poland

= Portugal
= Spain

= Former USSR

= Can(M)

= Russia

are Stern Trawlers

TC
TC
TC
TC
TC

TC
TC
TC
TC

g o0 N o o o g M~ o N
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Table1l. Standardized catch rate index for Greenland halibut in NAFO SA2+ Div. 3BKLMNO from amultiplicative
model utilizing DAY SFISHED asameasure of effort. (1999 based on preliminary data).

PREDICTED CATCH RATE

LN TRANSFORM RETRANSFORMED
YEAR MEAN S.E. MEAN S.E. CATCH EFFORT
1975 2.0502 0.0564 8.408 1.971 28814 3427
1976 1.8982 0.0347 7.301 1.349 24611 3371
1977 1.9881 0.0265 8.021 1.299 32048 3996
1978 2.0064 0.0357 8.132 1.523 39070 4805
1979 2.0379 0.0408 8.371 1.674 34104 4074
1980 2.1575 0.0360 9.457 1.779 32867 3475
1981 1.7799 0.0292 6.504 1.105 30754 4728
1982 2.1530 0.0193 9.493 1.312 26278 2768
1983 2.0203 0.0163 8.326 1.060 27861 3346
1984 2.1139 0.0167 9.141 1.177 26711 2922
1985 1.8959 0.0207 7.336 1.050 20347 2774
1986 1.6965 0.0215 6.007 0.878 17976 2993
1987 1.9555 0.0203 7.788 1.105 32442 4166
1988 1.5074 0.0193 4.978 0.689 19215 3860
1989 1.6993 0.0184 6.033 0.815 20034 3321
1990 1.7120 0.0149 6.122 0.744 47454 7752
1991 1.5777 0.0138 5.355 0.626 65008 12139
1992 1.4720 0.0142 4.817 0.571 63193 13118
1993 1.7051 0.0148 6.079 0.736 62455 10273
1994 1.7281 0.0153 6.219 0.767 51029 8205
1995 1.4560 0.0202 4.726 0.669 15272 3231
1996 1.4370 0.0173 4.644 0.608 18840 4057
1997 1.3698 0.0175 4.341 0.573 19858 4574
1998 1.3681 0.0161 4.337 0.549 19946 4599
1999 1.3765 0.1182 4.156 1.389 27000 6497

AVERAGE C.V. FOR THE RETRANSFORMED MEAN: 0.156
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Table 12. Catchability coefficientsimplied from theADAPT analysis.

Qs 2 3 4 5 6 7 8 9 10 11
1978 252 2.27 2.20 1.74 2.04 1.64 125 103 1.79 2.98
1979 1.54 0.94 0.58 0.97 1.20 0.98 066 059 1.06 1.62
1980 0.53 0.64 0.47 0.69 1.17 0.94 064 065 1.18 2.83
1981 1.90 154 0.74 0.69 0.86 1.10 085 091 1.17 1.86
1982 0.62 1.30 1.30 1.24 0.77 1.07 226 201 1.79 2.49
1983 0.45 1.36 135 1.49 1.45 1.41 184 161 0.77 1.20
1984 0.51 1.10 1.75 2.25 1.58 1.56 127 146 2.14 2.02
1985 1.08 0.80 1.04 1.89 1.89 1.54 127 111 1.53 1.40
1986 1.03 1.31 1.55 1.70 2.88 2,57 130 112 0.87 1.40
1987 0.71 253 1.41 1.37 1.55 2.35 183 131 1.03 0.92
1988 0.58 1.17 1.67 2.08 1.34 1.60 1.09 066 0.48 0.70
1989 0.71 1.74 2.29 1.92 1.92 1.22 060 047 0.28 0.40
1990 0.26 0.63 2.16 1.86 1.54 1.04 031 018 0.21 0.37
1991 0.46 0.36 1.13 0.98 0.79 0.35 013 008 0.07 0.08
1992 1.72 1.41 0.93 0.52 0.40 0.27 005 001 0.02 0.00
1993 2.98 557 2.12 051 0.22 0.14 008  0.02 0.00 0.01
1994 1.89 2.22 1.54 0.74 0.15 0.10 006 001 0.01 0.00
1995 3.77 1.49 0.63 0.84 0.29 0.07 004 003 0.02 0.02
1996 3.55 3.10 1.43 1.08 0.49 0.21 009  0.13 0.09 0.07
1997 2.88 3.81 2.72 1.63 1.19 0.76 043 023 0.16 0.15
1998 0.74 1.92 2.20 1.59 1.26 1.28 055  0.23 0.21 0.16
1999 0.62 0.90 2.01 2.33 1.96 1.30 062 021 0.15 0.08
2000

(2-5) 1.28 (6-11)  1.46
78-87  [1.09 1.38 1.24 1.40 154 152 131 118 133 1.87
88-99  |1.68 2.03 1.74 1.34 0.96 0.70 034 019 0.14 0.17

(2-5) 1.70 (6-11) 042
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Fig. 1. Catches before and after the expansion of the stock area to include Div. 3MNO for Greenland halibut

overlaid with annual TACs.
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Fig. 2. Standardized CPUE with approximate 95% confidence intervals for Greenland Halibut in SA2 + Div.
3KLMNO from 1975-1999 (preliminary) utilizing effort in HOURS fished (upper panel) and DAY S

fished.
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Fig. 3 Total mortality estimates at age for Greenland halibut ages 2-13 from Canadian fall surveys in Div. 2J3K during 1978-98.
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Fig. 4A Trend in relative total mortality of Greenland halibut for ages 2-14 in Divisions 2J, 3K
combined from the 1965-97 cohorts. Data from Campelen surveys conducted during 1978-99.
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Fig. 4B Trend in relative total mortality of Greenland halibut for ages 5-14 in Divisions 2J, 3K
combined from the 1965-93 cohorts. Data from Campelen surveys conducted during 1978-99.
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Annex 1 - ADAPT Run - Assuming constant natural mortality (0.2) for all ages in all vears

THURSDAY, JUNE &, 2000 T:54:20.680 FPM
APL Var. .0.00

ADAFT W Ver., 2.1
File Name: GH2-3 - 2000 Al

CATCH

Years: 1975 to 1999
Agesn 2 to 18

Canadian survey from 1988 teo %9, ages 2 to 11 (time of year D.85)
EU 3M from 1991 to 199%, ages 2 Lo 11 [(time of year 0.551)
Flus Group : NWo plus group

Fopulation initial walues:
3 4 5 E 7 ] a 10 11 12 13
spo000 ERO0D s5poo0o idooo 15000 iooo0an 5000 4000 joon 2000 2000

F ratlos
F for ages 13=14=15 1n 1999 galculated from ages 11=12.

F for Age 15 calculated for other years as average of 12-14

Hatural Mortallty
.2

Estimates for parametaers |(log scalel)

FAR. EET. 5TD. ERR. REL. ERR. BIAS REL. BIAS
1.17E1 5.33E-1 b.0d4S 5.93E-13 o.001
1.,20E1 3:81E-1 b.032 5.81E-3 o.000
1,.24E1 3.13E~-1 0,025 5.68E-3 g.o000
1.23E1 2,71E~-1 k.22 5.28E~3 g.000
1.18E1 2.58E=1 b.o22 3.82E=-1 a.000
1.06E1 2,.,78E-1 b.028 -3.32E-4 g.o000
9.98ED 2.78E-1 b.OZ8 -2.895E-13 g.000
9,.19E0D 3,11E-1 r.034 -8.23E-3 -0.001
B.21E0 I.42E-1 b.od42 -1.20E-2 -g.001
7T.25E0Q 3.63E~1 F.050 =1.23E~-2 -g.002
b.33ED 4, 49E-1 B.O0ES -3.21E-2 -0.005

=6.7AED 2.24E=1 =0.031 =5.61E=13 g.001

-6 .5TED 2,17E-1 =H.03% =5.12E-13 0.001

-6.59E0 2.12E~-1 =0.032 =4.64E~-13 a.001

-65.TTEG 2.09E-1 -6.031 =4.26E=3% 0.001

-7.08E0Q 2.08E-1 -B.0219 -3.896E-13 0.001

-7.32E0 2.09E-1 -8.0z29 -3.04E-3 0.0640

=8 .07EQ 2.1ZE-1 -0.026 -1.50E-3 0.o0@0

=8.04EQ 2.15E-1 -0.024 &.0ZE-4 oD.ooa

=4%,22E0 2.1BE~-1 =0.024 2.51E-13 p.o00

=9 .41E0 2.22E=1 =0.024 4,93E=-13 =0.001

=%.13E0 2.BEE=1 =0.0586 =G .ZA4E=1 0.001

-4 .81ED 2.58E=1 =0.083% =5 .X2TE=% 2.001

-3.899E40 2.49E-1 =0.062 =6 .19E=1 R.002

-3,28E40 2.44E=1 =0.0678%8 =8 .63E=1 g.002

-2.53E0 2.42E-1 -0.09% -8 .22E=1 .002

-2.13E0 2.43E-1 -0.114 -4 .34E-1] a.002

-2 .14ED 2.4BE-1 -0.115% -2.T1E-1 0.001

-2 .23ED0 2.50E-1 -B.112 ~1.THE-4 o.,000

=2.6TED 2.55E-1 -0.09& Z.3I0E-3 =0.001

=3.43E0 2.60E-1 -0.07E 5.15E-3 -b.oo2



Farametars

zEz=E ===

N

1,2000
14,2000
5,2000
§,2000
77,2000
a,2000
a,2000

W10,2000
Hil,2000
Wiz, 2000
Wi3,2000
CANgG2
CANg3
CANg4
CAMGS
CAMGE
CANg?
CANgE
CANgY
CANg1O
CANg1l1l
EUqg2
EUq3
EUgd
EUgS
EUgé
EUg7?
EUq8
EUgY
Elfgin
EUgl1

in linear scalas

PAR. EST.

1
1
1
1
L]
E
3

L T T LI T g

[
3

1.24ES5
1.B65ES
2.48E5
2.17TES
1.04ES
3.95E4
2.12E4
39.B0E3
3-.68E3
1.41E13
1.D2E3
+19E=-3
-40E-13
+3BE-3
15E=3
+AGE-4
+E4E=A
-13E-4
+44E—4
-8BE-§
:19E=5
-93E-3
+19E-3
-8SE=2
:BTE=2
:93E=-2
-19E-1
-18E-1
-BTE-1
-94E=2
«25E=-2

2TD. ERR.

L}
&
7
5
2

[ I P B

4

G3IE4
- 28E4
-1TE4
-95E4
-G9E4
- 10EA
- 30E3
-D4E3
-2BE2
«12E2
«59E2

Z2.6TE-4

= us o R e e R o N e e R R R

2

Q4E-4
42E-4
41E=-4
TEE-4
IFE-4
EZE-5
10E-5§
1EE=5
BZE-S
E3E-3
09E-3
E0E=3
45E-3
92E-2
BEE-2

2.89E-2
2.68E-2
1.97E=2
A.44E-3
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REL.

ERR.
0.533
0.381
0.313
0.274
0.258
Q.278
0.278
0.311
0.342
0.363
0.449
0.224
a0.217
o.212
9.209
9.208
0.20%9
0.212
0,215
0.218
o.222
b.286
0.258
p.249
b.244
b.242
b.243
b.246
b.250
B.255
o.260

BIAS
1.84E4
1.29E4
1,3EE4
9.30E3
3.BEEZ
1.49E3
7.59E2
3.92E2
1.71E2
7.58E1
7.R04E1
.33E-5
:S5BE=5§
ABE=5
-O4E-5
LS0E-5
.25E-5%
-S4E=8&
43E=-6
.EDE-B
-43E-B
-OSE=d
15E=4
STE-4
-IGE-4
-91E-3
-9%8E-13
1.23E=1
3.33E=-3
2.41E-3
1.26E-3

B o o o R ORE B R W D - R R R M

REL.

BIAS

0.148
6.078
0,088
0.043
o.o037
0.038
6.036
0.o040
0.047
0,054
0.06%9
G.020
0.018
0.018
.018
.o18
.oi4
021
024
L0026
.030
L0035
L0268
025
024
.0z4
025
027
031
0.035
o.0349

[T — T — T - T = N — = = T = L = N = I — Y — I = =]



WFA using analytlcal biasg sadjusted parametera
N 2 3 4 5 &

1975
18786

1478
1876
1977
1978
1978
1980
1981

1942
1883
1984
1885
1986
1987
1088
1989
1000
1991
1982
1993
1994
1985
1998
1997
1998
1999

125136
aarng
Bgard
83400
63889
TT6a2

100466

105208

102788

113795

122469

135778

153016

128339

100094

100482
105305
127608
162042
203875

42TETE

120350
100000

2z
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.0a0
0.000
0.000
0.000
0,000
0000
[EEi]
0.000
0.000
0.000
0.000
0.000
0.000
0,000
0.000

10715
102453
68535
71126
53280
52308
3600
82254
BE138
24164
93167
100269
111166
125279
105075
88319
7753
B2267
BE217
10447
138400
240441

350151
1B56ED
105835

3 4
0.000 0,000
0000 0.000
0.000  0.000
0.000 0000
0.000  ©.000
0.000  0.000
0.000  0.000
0.000  0.000
0.000  0.000
0,000 0000
0.000 0.000
0.000 0.000
0.000  0.000
0.000  0.000
0000  0.000
0.000  0.000
0000 0.000
0000 ©.000
Q.000  ©.000
0,000 Q000
Q000 ©.000
Q.000  ©.000
0000 0000
0.000  D.000
0,000 0.000

66853
arasz
83881
56112
58233
55811
42826
52072
BT 344
o523

113312
196856
313033

151975

5
0.007
0.000
0.008
0049
0055
0003
0021
0.008
Q018
D018
0,038
0.005
0,00z
0.005
0,003
0.015
0.6
0.080

0,387
0026
Q026
0.023
0025
Q.o0g

2300
54735
71835
GEETE
45840
ATETT
45776
36063
42633
55137
STT40
56417
62452
67212
TASIT
83e7rT
To434
50872
51717
55145
577a3
T0033
2772
161172
256288
234713

]
0.0a7
0018
0.1
0.173
0.158
0067
0.137

0.148
0078
0141
0.056
0,047
0.07
0.041
0.130
0.135
0.246
0.487
0718
0.089
0133
0.088
0.084
0.043

x =g
42518
44788
8413
53536
33460
8846
36899
464
272
44328
45433
43937
51007
E4TE1

55840
4237
128729
20783

T

0,293 0435
0154 0494
0424 0814
0385 0509
0.429 0458
0.327 06TE
0803 (B3
0.288 (0UB31
0.484 (LGST
0.384 0.805
0288 0419
0253 0431
0419 D.BET
0286 0293
0.237 0238
0.388  0.400
0.400 0679
0.825 0.BOT
0.792  0.040
0782 0EZ3
0.302 0313
0,358 0.207
0288  0.320
0.165 0221
0188 0155

27150
2773
2rare

25083
31508
a7

43040
43725
48486
35272
22773
13407
22730

41957
55903
107

25

15381
15204
1T4TT
18364
18276
2144B
21232
13444
17025
14120
11210
15840

(linaar scala)

9
BE11
B148
7504
7740
E25G
g2
Bo14
7188
GRGS
TZE5
47E2
k]
B4BS
Bd18

072 11BET
25108 14227

9 10

0.508
0702
0548
0.518
0,168
0.966
0,748
0770 0757
0.560
0953 (.696
0.388 0.283
0311
0456 0209
0184 D24
Q152 0158
DA77 0449
0,831
0647 0439
n.asa 0637
0683 0.505
0323 0237
0225 02
0290 0.218
0.231
0,147 0.748

0.327

0.220

0.709

0217

13775

BTET
GTE2
4705
5213
4971
TEE2

1337

1
0.437
0,668
0167
0.578
0.211
0.540
0,247
0.517
0,130
0.325
0170
0212
0280
006
164
0.400
0650
D4z
0.638
0855
0,290
0.306
0,230
0.204
0,208

il
4112
4326

3585
arm
5708
2047
3455
2725
2738
2280
2627

4405
5730
8151

4911

12
0263
0.286
0203
0459
oozz1
0137
0132
0417
o1z
0,143
D122
D222
0.401
0,118
0.200
0.574
0822
0.585
0.931
0574
0481
0.325
0284
0Tz
0.254

12 13

2173 642 553
1857 1140 404
1576 Ta0  vO?
1ras 1092 521
1657 825 565

1287 1286 TB4
1614 823 909
1506 TEA 445
1610 888 577

1118 952 608
1407 772 6490
17er a2 306

2200 1089 511

4001 2215 1085
4260 2195 1022
M owEm Ts
2442 1730 83
1841 1057 558
1503 TE3 4487
1814 @21 394
1830 1093 544
245 M2 &4

|11 33 Be2

13
0.rae
0.320
0,198
0626
0,325
0.114
0082
0.2
0.304
0.226
0172
0.118
0663

0.228
0.574
0.901
o7
0.747
D.974
n.a2z
0.502
0323
0.163
0.231

14
0,855
0180
0,148
029
0.580
0,047
D.084
0.158
0,170
0.271
0.151
0180
0.456
0.383
0182
0.608
0.888
1.146
0.748
0.785
0.768
0.468
0,383
0.120
0.231

14
257

475
228

ags
603
oa7
268
arr
418
502
214

508
501
40
234
322
173
175
196

15
0.638
0265
.83
0.458
0.376
0.100
0.083
0.265
0185
0.230
0.148
0187
0.507
0.253
0.204
0.585
0.503
0.BE3
0808
0TTE
[ERiE
0432
0330
0151
0.231

15
150

138
170
Fath]
105

421
412
168

202

118
220

168

91
120

110

1861
1882
1863
1084
1885
1986
1987
1988
1989
1990

1992
1993
1004
1985
1066
1097
1588
1999

F(8-12)

0502
0.368
0546
0.242
oyaz
D482
0818
0.368
0812
0.276
0,279
0.421
0.184
0183
0440
0.758
0.582
0,801
0648
0328
0278
0.260
0.208
0183
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Annex 2 = ADAPT RUN 2
File HMame: GH2-3 - 2000
CATCH

Yearsi: 1975 to 1999
Agea: 2 te 12

A2

Canadian survey from 1978 te 99,

EU 3M frem 1991 to 1999,

Flus Group

He pluas group

Fopulatlien inltlal walues:

3 4 L
ECOOD EODOD o000

F ratios
F for ages 11
F for Age 12 calculated

Hatural Mortallity
0.2 for ages 2-8,

3
50000

for

eatimated far

40000

28

-~ M eatimated for ages 3-12.

ages 2 to 9
agea 2 to 10

ages 9+

jcooo

ttime of

£l
20000

in 1999 caleculated from ages 9-10.
cther yesars as average of

APPRONIMATE STATISTICS ASSUMING LINEARITY HEAR SOLUTION

Eatlmales for parameters

FAR. EAT. ETD. ERR.
1,23E1 §.38E-1
1.26E1 3.39TE-1
1.30E1 3.37TE~1
1.2BE1 3.03E-1
1.21E1 2.90E-1
1.12E1 1.07E-1
1.,06RE1 3.1TE-1
9.58E0 3.50E-1
7.1TED 5.96E-1

- .15E-1 4.34E-2

=7.44E0 2.10E=1

-7.21ED 2.19E-1

-T.89%E0 Z2.21E-1

=7T.34E0 2.26E~1

-7T.50E0 Z.3I5E-1

=T.71EQ 2.60E~-1

-8 . 41E0Q 2.93E=1

-8 .893EQ 3.10E-1

-5 .63EQ 3.180E~1

-5 _20EQ 2.8BE-1

=4, I5EQ 2.81E~1

=%.50EQ 2.7T7E=1

-2.B7ED 2.82E-1

-2.55E0 3.01E-1

~2.70ED 3.38E~-1

-2.97E0 3.72E-1

=31.41E0 4. 00E~-1

{log scalel

-2.20E-2
-2.25E-2
-2.31E-2
-2.38E-2
=2.331E=2
-—2.ZHE-2
=2.33E-2
-2.28E-2
-2 .23E-2
=2.29E-2
~2.38E-2
—2.4TE-2
=2.53E-2
-Z.40E-2
-2.03E-2

year 0.85]
([time of year 0D.55)

i
10000

i0-11

11
5000
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Farametera in linear ascale

FAR. EST. STD. ERR. REL. ERR. BIAS REL. BIAS
Hi,2000 Z.2BES L.23ES b.538 3.82E4 G.1en
W4, ,2000 2.90E5 1.15E5S 0,389 2.93E4 @.101
NG ,2000 d.32E8 1.45E8 r.337 3I.4ZE4 a.079
HE, 2000 3.69E5 1.12E5 0.303 2.53E4 G.0860
HY, 2900 1.75ES L2.08E4 [N 1.1ZE4 G.064
Ha,2000 7.00E4 2.15E4 o.307 4.73E3 G.0880
H3,2900 3,.94E14 1.25E4 0.317 2.76E3 a.070
Hio,zooO 1.42E4 4.97E13 F.350 1.13E13 a.07%
Hil,2e00 1.30E3 T.96E2 0.598 2.06E2 @.15n8
M3+ §.41E=1 2.34K=-2 b.o43 =1.21E-3 =-@.002
CANgZ 5.88E-4 1.28E-4 0.218 1.11E-& a.002
CANg3 T.39E-4 1.62E~-4 e, 219 1.54E-8 a.002
CANgd E.BIE-4 1.51E=4 p.221 1.68E=¢ a.602
CANQS E.5Z2E-4 1L.47E-4 F.Z228 1.92E-§ a.o003
CANGE 5.52E-4 1.30E-4 0,235 2.49E-§ 4.005
CANgT 4. 48E-4 1.16E-4 0,260 4.43E-¢ a.010
CANga Z2.23E-4 E-S54E-5 r.233 4.3TE-& o.o020
Cang3 L.33E-4 4.12E-5 e.310 3.42E-& 0.028
EUgaz 3.58E-3 1.14E-3 o.31e 9.74E-5 a.027
EUg3 5.49E-13 1.58E-3 ¥.288 1.02E-4 o.o01%9
EUg4 1.29E-2 J.61E-13 g.201 2.14E-4 a.017
EUgs 2.70E=2 T.72E=13 .27 4.34E=4 0.01E
EUg® L. EEE-2 1.59E-2 F.z282 9.13E-4 0.01E
EUg? T.?7E-2 2.34E-2 e,301 1.61E-3 a.021
EUgs E.22E-2 2.10E-2 6.33p 1.97E=-3 a.032
EUg3 $-11E-2 1.%0E-2 B.372 2-.31E-3 O.04s

EUgln 3.32E=2 1.32E=2 G.400 1.97E=13 a.080



¥FA uvalpg apalytical blaa
Fopulation Numbera

1975
1976
1877
1378
19719
1340
1981
1982
1883
L1884
1985
L96E
1987
L1988
1989
1999
1991
1992
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.00
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.00
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.00
.00
.0
g
T
0@
b
0
.0e
e
.o0e
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.0
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1994

L]
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1996
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zooon
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1893
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1995
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1%3%
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2454013
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219333
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LIEE4T
1113974
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212403
Jazan§
E30QLT
592750
11TH4S
1893931
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L8640
@00
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-mnn
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oo
-bag
-aag
-ooe
L
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0Ee
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0e0
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0en
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ad justed parameters

]
111503
150871
204816
196701
226009
LE34B7
Ta4184
2eTO09
FLERT Y]
1LBEE3R
L7967
L3IE5E87
1407149
LZE03E
1iokma
LO3E0R

YLIETT

TATES

54001
101295
LESEDT
iThaci
312B24
515814
485303
ZEDAED

p.o@0
b.o8d
p.o@0
oD.ogo0
D.e@D
0.8080
o.o0n
0,200
o.oDD
LIl
o.onD
o.000
g.o0DD
o.000
o.o0D0
g.o000
g.o00
g.o000
¥.000
@,000
B.000
@.000
o.008
o.o00@
6,008

5
BEIDE
a1z91

123523
167609
161047
165041
150228
167180
169485
166170
154444
147023
111617
115211
103188
106882
LER 4
75059
G120
53401
[FEET
idgild
142378
286119
422313
137333

@.004
s.o000
@.008
e.020
0,016
o.001
D.006
o.o002
D.00%
b,006
D.oLd
0,082
D.o0@1
0,283
D.eg2
0.811
D.038
B.063%
0.189
0,423
0.01E
g,017
2.015
2,016
B.00E

[
E4101
69542
TART

iongE4d
134539
1ZHE99
151318
122316
136633
13B123
136234
LZAEET
1201149
Y076
SE0ED
2321
BhE2
EEBET
§76n01
41432
ZH10E
BEETE
BE5380
1140540
ZOEAG4
EERERE ]

0.05%9
g.aL0
0.877
0.287
0.0T4
0.018
B.033
g.0321
@.029
@.011
@.04
@.o@0
@.018
@.0319
w.024
®.082
Da.l04
.198
+361
531
096
090
0D.055
0.083
0.031

e a0 ad

]
29117
41750
EEIRE
SEeED
74815

182327
184305
119804
9THEE
108654
1ie882
135328
188038
IEEZH
TLA4D
THZ14
[FELE!
53810
44812
128213
13811
8845
43505
BE141
431512
L3960

0.245
D.oed
o.236
0.191
n.a20%
b.1d4
189
.BED
+1LLT
-261
061
G614
+1Z28
~a%7
122
-2D4
2R
3.437
0.564
B.483
.196
g.40n
@.1a2
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