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Abstract

Catch-at-age data from the commercial Greenland halibut fishery in NAFO Subarea 2 and Divisions 3KLMNO have
been calculated annually since 1975.  However, the data have been incomplete since 1989 due to uncertainty in the
yearly catches in the NAFO Regulatory Area (NRA) and lack of ageing data. Catch-at-age data from the Canadian
portion of the fishery have been available annually from 1975-97 and are updated here for 1998 and 1999.  This
paper will describe how annual ageing data from the Canadian fishery were used in combination with annual length
frequency data from other countries, primarily Spain and Portugal, fishing Greenland halibut in the NRA to compute
catch-at-age from 1989-99.  Where data were lacking from other countries their catches were generally adjusted by
the combined catch-at-age of Spain and Portugal.  Although total annual catches remain uncertain for many years,
the computations were based on best estimates as agreed at the yearly June assessment meetings of the NAFO
Scientific Council.

Introduction

At about 1988-89 a large unregulated fishery for Greenland halibut developed in the NAFO Regulatory Area (NRA)
of Divisions 3L and 3M which later expanded to Division 3N and to a lesser degree Division 3O (Fig. 1).  From
1990-94 the average annual catches were estimated to be about 50% higher than the maximum annual catch
previously observed (39,000 tons in 1978) since the fishery began in earnest in the early 1960’s (Table 1) .
Following an international disagreement between the coastal state and contracting parties participating in the
unregulated fishery, in 1995 the Greenland halibut resource in Subarea 2 and Div. 3KL became the management
responsibility of the NAFO Fisheries Commission with the inclusion of Div. 3MNO to the stock area. Annual total
allowable catches (TAC’s) for the entire stock area were introduced by the Fisheries Commission in consideration of
scientific advice from the NAFO Scientific Council.  For management purposes the annual TAC was then split
between Subarea 2+Div. 3K controlled by the coastal state and Div. 3LMNO controlled by the Fisheries
Commission.  As a consequence, annual catches were greatly reduced compared to the early 1990’s when the fishery
was unregulated (Table  1).

Estimating catches from the NRA was exceedingly difficult during the 1990’s due to non-reporting of Greenland
halibut catches as well as misreporting Greenland halibut as other species.  However, based upon various sources of
information the Scientific Council usually agreed on annual “best estimates” or in some instances a range of
estimates.  These agreed catch estimates were not available by month or quarter.  Although there were usually
adequate length frequency data available from the main prosecutors of the fishery in the NRA no age data were
available until recent years.  These factors made it very difficult to conduct age-structured assessments required for
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determining absolute stock size and impaired the scientific ability to advise on precise management options.  It also
severely restricted the Scientific Council’s capability to develop biological reference points consistent with the
precautionary approach to fisheries management.

Notwithstanding these difficulties, this paper will describe how various sources of age and length frequency data
were used to determine annual catch-at-age of Greenland halibut from the “best estimates” of catch for potential
used in an age-structured assessment.

Calculation of Catch-at-Age

All countries 1975-88

Catches-at-age from 1975-88 for all countries were calculated annually and at that time reflected the old stock area
of Subarea 2 and Div. 3KL.  The bulk of the non-Canadian catch during most of those years was by vessels licensed
to fish inside the Canadian zone.  The details on how the age compositions were constructed are available in the
annual assessment documents and therefore won’t be repeated here.  Adjustments had to be made to account for
catches in Div. 3MNO which has become part of a revised stock area of Subarea 2 and Div. 3KLMNO.  This was
accomplished by simply adjusting the numbers caught at age from the original stock area during 1975-88
proportionately upwards to account for the catch in Div. 3MNO.  This resulted in a revised catch-at-age matrix,
which is consistent with the new stock area.

Countries Fishing the NRA 1989-99

Work on developing a catch-at-age matrix for 1989-99 for other countries fishing in the NAFO Regulatory Area
(NRA) began with the most recent year i.e. 1999 (where some non-Canadian age readings were available) and
working backwards where available data became more problematic and a certain degree of inventiveness was
required.  The greatest uncertainty was with estimating the total annual catch particularly by countries fishing in the
NRA.  Ultimately, the total catches used were those agreed at the annual June meetings from a variety of official as
well as non-official sources.  For some years when the best that could be agreed was a range of catches, the catch-at-
age was adjusted to the mean of the range.

For most years length frequency data were available in the national research reports from Spain and Portugal, which
comprised the main components of the fishery in the NRA.  In more recent years, ageing data were also available
(1994-99).  Initially, where ageing data were available from the NRA fisheries they were used to compute the
removals at age for the respective fleets.  However, an examination of the resultant mean weight at age (kg) arrays
indicated substantial differences in age interpretations.  In addition, these differences were not consistent over years
or ages.  The total calculated biomass at age produced very large discrepancies in the sum of product checks.

In order to maintain consistency in age interpretation throughout the entire time series from 1975-99, it was
considered, therefore, more prudent to use Canadian age-length keys (alkeys) in most instances to adjust the catches
for the entire fishery. Since most of the error in deriving catch-at-age was believed to be more likely associated with
the total annual catch, it was decided to use one composite alkey for each year.  Each annual alkey was comprised of
commercial Greenland halibut ageing data collected by the Canadian Observer Program Sampling Section (OPSS)
and the Canadian Port Sampling Section (PORT) at the Northwest Atlantic Fisheries Centre in St. John’s,
Newfoundland, Canada.  For each year the alkey was comprised of all the data collected throughout the stock area
from Div. 2G in the north to Div. 3O in the south.  All months and gears were combined.  The number of age
readings in any one-year varied between 875 in 1995 to about 6300 in 1990.  The annual A/L keys used are shown
in Table 2a-2k for the years 1989-99, respectively.  Where other countries fishing the NRA during this period
provided sufficient size composition data they were used in a similar fashion to adjust the respective national
catches.  Where no data were available by other countries fishing the NRA their catches were adjusted to the
combined Spanish and Portuguese catch-at-age data.

The mean weights (kg) at age were computed by applying a standard L/W regression to the mean lengths (cm) at
age derived from the adjusted alkeys for each fleet (primarily Spain, Portugal, Canada and more recently Russia).
The overall mean weights (kg) at age for each year was derived by averaging the fleet mean weights weighted by
numbers caught at age by the respective fleets.
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This process was followed for all years from 1989-99.  The largest discrepancy in the annual sum of products check
using this approach was 10% in only one year and exceeded 5% in only two years as shown in the catch biomass
(tons) at age (Table 3).  The resultant catch numbers at age is shown in Tables 4 and Fig. 3 and mean weights (kg) at
age in Table 5 and Fig. 2.

Canada 1989-99

Brodie et al. (1998) presented catch at age for Canadian catches only from 1989-97 and derivation of these data have
been presented in annual documents and also won’t be repeated here.  Ages 6-8 dominated the catch in most years up to
1991.  Mean weights at age in recent years were similar, and no trends are seen in the mean weights over the period
1989-99.

Canadian data for 1998 were not available at the June 1999 meeting, as the age readings had not been completed. In this
analysis, catch-at-age data from both 1998 and 1999 were calculated for Canadian fisheries throughout NAFO Subarea 2
and Divisions 3KLMNO, and for the catches of France from Division 2J. These were the only fisheries operating in
1998 within the Canadian 200-mile fishery zone.  Size and age composition data were collected by observers in both the
Canadian and French fisheries, as well as by port samplers for some Canadian catches.

In 1998 (Table 6), both Canadian and French (Division 2J) otter trawl fisheries were comprised mainly of fish
aged 6-8, which is typical of this gear in virtually all years. Length and age compositions of otter trawl catches in Div.
3LMN in the NRA in 1998 were similar. The fixed gear catch, which is mainly taken by gillnets, was a much larger
component of the 1998 Canadian fishery, and was dominated by fish aged 7-11. Overall, the total catch in the Canadian
zone in 1998 was comprised mainly of the 1990 and 1991 year classes, which were about equal in number in the catch.
Mean weights at age were calculated using the same length weight relationship used in Brodie (1999) for Greenland
halibut catches in Subarea 0 (from Gundersen and Brodie 1999).

In 1999, the Canadian fishery was very similar to that in 1998. Catches were around 4200 t in each year, and
the fishery in both years was dominated by gillnet catches, mainly from Div. 2J and 3K. Also like 1998, data from the
French fishery in Division 2J in 1999 were included in the analysis with the Canadian data to give catch at age from the
Canadian zone. Data from the French fishery for Greenland halibut in Div. 3LM in 1998 was included with other non-
Canadian catch at age data for the NRA.

As in 1998, the otter trawl fisheries by France and Canada in 1999 caught fish mainly in the age range 6-8 years
(Table 7). Ages 7 and 8 were also predominant in the Canadian fixed gear catches in 1999, with higher numbers of age
9+ fish relative to the otter trawl catch. Overall, the 1992 year-class was most abundant in the fisheries in the Canadian
zone in 1999, followed by the 1991 year-class. For mean weights at age, a slightly different length weight relationship
was used in the 1999 calculations than for 1998, that for all Divisions combined, year 1997 (from Gundersen and Brodie
1999). Effect on mean weight calculation was minimal for most lengths, with larger fish having slightly lower weights
with the new relationship. Mean weights at age were very similar in 1998 and 1999 up to age 11, after which the mean
weights for 1998 were larger (Tables 6, 7). This is due in part to the change in the length weight relationship, and also to
the higher mean length at age in 1998.
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Table 1. Catches and 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.

Year  Catch (tons) Catch (tons)
SA2+Div. 3KL SA2+Div. 3KLMNO TAC

1960 938 995
1961 741 786
1962 588 624
1963 1602 1621
1964 3928 4252
1965 9501 10069
1966 19244 19276
1967 25644 26525
1968 31986 32392
1969 36520 37241
1970 36402 36839
1971 24654 24834
1972 29822 30038
1973 28944 29291
1974 27123 27588 40000
1975 28681 28814 40000
1976 24599 24611 30000
1977 31941 32048 30000
1978 38532 39070 30000
1979 34069 34104 30000
1980 32642 32867 35000
1981 30682 30754 55000
1982 26214 26278 55000
1983 27839 27861 55000
1984 24809 26711 55000
1985 18610 20347 75000
1986 15878 17976 100000
1987 30938 32442 100000
1988 19086 19215 100000
1989 19496 20034 100000
1990 22237 47454 50000
1991 26868 65008 50000
1992 35160 63193 50000
1993 29070 62455 50000
1994 51029 25000
1995 15272 27000
1996 18840 27000
1997 19858 27000
1998 19946 27000
1999 24232 33000
2000 35000
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Figure 3. Proportions caught at age (yrs) of Greenland halibut in the commercial fishery in NAFO Subarea
2 and Divisions 3KLMNO during 1975-98.


