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Abstracy

During the period 1987-1995 Japan Marine Fishery Resources Research Center and Greenland Institute of Natural
Resources jointly conducted 12 stratified random bottom trawl surveys at West Greenland. The surveys covered the
area between Cap Farewell and 72°51'N at depths down to approximately 1500 m depth. The survey area has been
restratified in 200 m depth inlervals and the biomass and abundance of Greenland halibut has been recalculated and
the results of all surveys arc presented together with information on length, age and sex distribution and catches in
relation to bottomn temperature.

Introduction

During the period 1987-1995 Japan Marine Fishery Resources Rescarch Center (JAMARC) and Greenland Institute of
Naiural Resources (former Greenland Fisherics Research Institute) jointly conducted 12 bottom trawl surveys and 4
pelagic surveys (Jorgensen, 1997b; Jorgensen, MS 1997c.) at Wesl Greenland as part of a joint venture agreement on
fisheries development and fisheries research in Greenland waters, The surveys were primarily aimed at Greenland
halibut (Reinhardtius hippoglossoides) and some of the results have previously been reported to NAFO as a number of
Rescarch Documents. (Yamada et al, MS 1988a; Yamada ef of., MS 1988b; Yatsu and Jorgensen, MS 198%a; Yatsu
and Jorgensen, MS 1989b; Jorgensen and Akimoto, MS 1990; Jorgensen and Akimoto, MS 1991 Yano and
Jorgensen, MS 1992; Satani ef a/,. MS 1993; Ogawa et al., MS 1994; Yokawa ef al., MS 1995; Yokawa ef al., M5
1996).

The bottom trawl surveys were conducted as stratified random surveys. In the stratification schemcs used in former
work (/ec. sit.} the depth range in some of the strata was very broad (601-1000 m and 1001-1500 m) due to lack of
detailed sea charts. Since then more delailed digitised sea charts have become available and in the present paper ali
the surveys in the time series have been restratified in 200 m depth intervals in order to achieve a better description of
the distribution of Greenland halibut and hence more accuraice estimates of biomass and abundance. Further,
information on age and sex distribution and dis(ribution in relation to lemperature. not previously reported, is given.
The digitised sea charts have cnabled a more accurate measurcment of the survey area.




Materials and Methods

Data and material were collected during 12 bottom trawl surveys which were directed mainly at Greenland halibut
(Reinhardtius hippoglossoides). The surveys were conducted from 1987 to 1995 at different times between April and
December and a total of 1036 trawl hauls were carried out (Table 1). The surveys covered West Greenland from south
of Cape Farewell, 54°27°'N, to 72°51°N, between the 3-mile limit and the 200-mile limit or the midline Canada-
Greenland, at depths from 34 to 1497 m. NAFO divisions 1C and 1D were covered by all surveys except ong, while
atcas north of 69°57°N and south of 63°03°N; were only covered once (Table 1, Fig. 1).

All surveys were carried out by the Japancse rescarch vessel SHINKATMARU, a 3.395 GRT stern trawler with 5.000
HP. Towing time was ustially 30 min, bul towing times down (o 15 min were accepted. Average towing speed was 3.5
kn. Wing spread (w) was estimated s:

w = net Jength /(hand rope length + net fength) x DT, where
net length = 63 m,
hand rope length = 94 m,
DT =distance between trawl doors

DT was measurcd by an Otter Grap, or, in most cascs, estimaled as:

DT=10.9 + 13.0In(WL), where
WL=warp length

The wing spread varied between approximately 37 and 45 m. The net height was measured by a Furono Net recorder
and varied between 6.5 and 7.5 m. Mesh size was 140 mm with a 30 mim mesh codend liner. Trawling was carried cut
in day time only. All catches were standardised to catch per km?® from the actual towing speed and estimated wing
spread. Biomass and abundance estimates were obtained by applying the swept area method 1aking the catchability
coelTicient as 1.0,

After each haul the catch was sorted by specics and weighed 1o nearvest 0.1 kg, the number of specimens recorded (not
in ali strata in 1987), measured as total leng(h (TL) to 1.0 ¢cm below, and [ish above approximately 135 cm were sexed,
In 1987 Greenland halibul was measured as fork length, which was transformed to total Iength by multiplying with
1.02; no fish were sexed.

The survey arca was stratificd by NAFO Division excopt NAFO Division 1A which was divided in AN and FAS, -
north and south of 70°N, respectively. Prior to the restratification the NAFO Divisions were subdivided in depth
strata: 1-200, 201-400, 401-600, 601-1000 and 1001-1500 m, except AN which was divided in three strata : 201-600,
601-1000 and 1001-1500m. Based on better digitised charts the survey area has been restratified. MAFO Division

1AN has been restratified in 3 strata: 201-300, 501-1000 and 1001-1500 m, NAFO Divisions 1AS-1E have been
restratified in 200 m depth intervals, except depth stratuin 1401 to 1300 m. Further, the size of the strata have been
recalculated (Table 2). '

Due to lack of time, bad weather, ice coverage and restratification some strata have not been covered in some surveys.
In survey used for comparisen between years (surveys conducted in July - October) the biomass and abundance in
strata without hauls have been estimated by a two-way ANOVA anticipating that the distribution was the same in atl
vears (Jorgensen, 1997a), according to the following:

Ln(biomass or abundance (km': )= o+ (Y + f.D + g, where

Y=Yecar and D=Depth stratum. The ANOVA was made by NAFO Division to avoid that the lugh biomass and
abundance in the shallow strata in Div. 1B influenced the estimation of biomass and abundance in shallow strata
without hauls in Div. 1C and iD where the biomass and abundance usually was low, and vice versa in decp water.
The model was statistically significant (P> 0.01) in all cases and explained between 63% and 91% of the variation in
data. Biomass and abundance was first of all estimated in depth stratuin 801-1000 in Div. 1B, a rather small stratum
(671 km® ) with relatively low biomass and abundance and in depth strata > 1000 m in 1987, In strata where biomass
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and abundance was estimated bv the ANOVA and in stratd with only on haul, the Standard Error (S.E.) was estlmated
from a rcg,rcssxon between mean biomass/abundance km™ and S.E.

Otoliths for age determination were soaked in water and read in lransparent light, Age distributions werc cstimated
using age/length keys and survey length frequencics pooled in 5 ¢m groups.

Near-botlom temperatures were, iucasured, by 0.1 °C, as closc as possible to the boitom either by CTD or XBT at 861
of the 1036 trawl stations. :

Rcesults

The majority of the surveys covered NAFO Divisions 1B - 1D at depths between 400 and 1500 m at approximately the
same time (July-October). Unless anything else is mentioned this area is used for comparison of between years
variation. The recalculation of the size of this area showed an increase from 53119 km® to 62132 km™ (17 %) (Table 2)
(Yatsu and Jorgensen, MS 1989a).

1987
The survey was conducled between July 15 and August 13 and covered Div. 1AS to 1F at depths between 34 and 998
m, In total 117 successful hauls were made (Fig. 1, Table 1).

The biomass of Greenland halibut in Div. 1B-1D, 401-1500 m was estimated at 115158.5 tons (S.E. 25366.9) which is
by far the highest cstimalce in the time serics (Table 3. Fig, 2). Howcever, the estimate was based on 31 hauls only, and
the biomass at depths > 1000 m was estimated by an ANOVA. The highest biomass was found in Div. 1C depth
stratum 801-1000 and 601-800 m and the biomass was estimated to be high in Div. 1D depth stratuimn 1001-1200 and
1201-1400 m. The biomass was low at depths < 400 m in all Divisions (Table 3), except in Div. 1B stratum 201-400
m (3354.9 tons, S.E. 866.8). Div. 1E and 1F was surveyed [or the only time in the survey series, but the survey covered
shallow waters (< 300 m) only,-and the estimated biomass was low (Table 3),

The abundance was the highest observed in the time series (149918.5%10°, S.E 34757.6* 10°) and the distribution of
the abundance resembled the distribution of the biomass {Table 4). .

in Div. 1AS and 1B the lehglh distribution was dominated by very distinct modes around 11 and 19 cm. The length
distribution in Div. 1C was dominated of fish between 38 and 38 cm witly a broad mode around 46 cm. while the
distribution in Div, 1D consisted mainly of fish between 42 and 70 cm with several modes (Fig. 3).

1988
The survey was conducted between Seplember 12 and November 11 and covered Div. 1AN to 1D at depths between
422 and 1402 m (259-1398 m in 1AN). In total 109 successful hauls were made (Fig. 1, Table I).

The biomass of Greenland halibut in Div. 1B-1D, 401-1500 m, was estimated at 58647.2 tons (S.E. 9133.9) which
was only half the cstimaie in 1987, but the difference is not stalistically significant (95 % level) duc to large variation
indata (Fig. 2, Table 3). The highest biomass was found in Div, 1C depth strata 601-800 and 801-1000 m, and in
Div. 1D depth strata 1001-1200 and 1201-1400 m. In 1988 Div. 1 AN was surveyed for the only time in the survey
series, and 21 hauls were made in the arca. The biomass was estimated at 19335.2 tons (S.E. 4694.9) of which the
larger part (10017.8 tons) was found in depth stratum 301 - 1000 m (Fig. 1, Table 6).

The abundance in Div. 1B-1D (401-1500 m} dropped from 149918.6*10° (S.E. 34757.6*10%) in 1987 10 68121.1*10°
(S.E. 16696.1*10%) in 1988 (statistically insignificant (95 % levcl)) (Table 4, Fig. 2). The distribution of the
abundance resembled the distribution of the biomass, except that a high abundance was observed in Div, 1B depth
stratum 407-600 m. In 1AN the abundance was estimated at 98056.8*10° specimens (S.E. 106143 * 103) of which
more than 50% was found in depth stratum 201-500 m (Table 6),

In Div. 1AN and 1B the length distribution was dominated by three very distinet modes around 11, 19 and 24 and 28
cm in Div, T1AN and 1B, respectively, The length distribution in TAS was dominated by a modc around 25 cm and a



broad mode between 34 and 52 ¢m, reflecting a dominance of hauls in the deeper strata. The length distribution in
Div. 1C was dominated of fish between 38 and 38 cm witl a broad mode around 50 ¢, while the distribution in Div. -
1D consistcd mainly of fish between 42 and 70 cm with a mode around 32 cm (Fig. 3).

The age distribution in Div. 1A (1AN + 1AS8) consisted of {ish age | to 7, where the younger fish mainly were found
in 1AN, while the older fish mainly came from Div. 1AS. Div. 1B was dominated by young fish < 5 years, while the
age distributions in Div. 1C and 1D were unimedal with modes around 7 and 8 years, respectively (Fig. 4). (The
otoliths have been rercad afier the material given in Yalsu and Jorgensen (1989b)).

1989

The survey was conducted between April 30 and May 17 and covered Div. 1C and 1D at depths between 494 and
1497 m, In total 6] successful hauls were made (Fig. 1. Table 1). Div, 1AS, 1B and the western part of Div. 1C and
11> was not surveyed due to ice. .

The biomass of Greenland halibut in Div. 1C-1D, 401-1500 m, was estimated at 690835.6 tons (S.E. 13853.4) which is
an statistically insignificant (93 % level) increase in biomass on approximately 17000 tons compared to the estimate
for the same area in 1988, The two surveys were, however, conducted at different time of the year which makes
comparison difficult (Fig. 2, Table 3). The highest bipmass was found Div. 1D depth strata 1001-1200 and 1201-1400
m as in the previcus vears, The biomass was, however, concentrated more southerly and at greater depths compared to

1987 and 1988, probably reflecting annual movements between the spawning ground and feeding areas (Jorgensen
1997a). .

The abundance in Div. 1C-1D. 401-1500 m, was estimated at 57525.7* 10° (S.E. 11116.8%10%) which was an increase
from 43883.9*10° compared to the same arca in 1988. The distribution of (he abundance rescmbled the distribution of
the biomass in a more southerly and deeper distribution compared to previcus vear (Fig 2. Table 4).

Fish were generally larger in Div. 1D compared to 1C and the distributions were monomodal with modes around 50
and 48 cm, respectively (Fig. 3).

The age distribution in Div, 1C and 1D were unimodal with modes around 7 and 8 vears, respectively, as in 1988, but
there were fewer young fish in Div. 1C compared to 1988 (Fig. 4).

1990

In 1990 two surveys were conducted. The first survey took place between Junc 9 and June 22 and covered Div. 1B to

1D at depths between 449 and 1482 m. In Div. |B only depth stratum 401-600 m was covered. In total 75 successful
hauls were made, (Fig. 1, Table 1). The sccond survey (ook place between August 27 and September 12 and covered
Div. IAS to ID at depths belween 422 and 1467 m, In lotal 87 successful hauls were made (Fig. 1, Tablc 1).

In the first survey the biomass of Greenland halibut in Div. 1C-1D, 401-13500 m, was estimaled at 62778.9 (ons
(5.E.134606.1) which was close to the 69000 tons estimated in the same arca in 1989, where (he survey took place
approximately a month eartier (Table 3). The main biomass was found at depths between 601 and 1000 m, and
generally on shallower water and more northerly compared (o 1989.

In the second survey the biomass in Div. 1B-1D, 401-1500 m, was estimated at 51744.3 tons (S.E. 9296.7), which was
comparable to the estimated 58647.2 tons in approximately the same period in 1988 (Fig. 2. Table 3). The cstimate for
Div. 1C-1D was 44018.1 tons, which was substantial, although not statistically significant, lower than in the
comparable areas in the first survey in 1990 (62778.9 tons) and in 1989 (69085.6 tons). The highest biomass was’
found in Div, 1C depth strata 601-800 and 801-1000 m and in Div. 1D depth strata 1001-1200 and 1201-1400 m.

Tn the first survey the abundance in Div. 1C-1D, 401-1500 m, was cstimated at 51210. 1*10° (S.E. 11463.3* 103),
which is a little lower than in the same area in 1989 (57525*10° ) (Table 4). The derivation of the abundance
resembled the distribution of the biomass /.e. the main abundance was lound at depths between 601 and 1000 m,
Compared to 1989 the abundance was generally found on shallower water and more northerly.

In the second survey the abundance in Div. 1B-1D, 401-1300 m, was estimated at 53611.5%10° (S.E. 10060.4*10%),
which is somewhat lower than the estimate on 68121.1*10° from approximately the same period in 1988 (Fig. 2,



Table 4). The estimate for Div. 1C-1D was 37951.4*10° (S.E. 7136* 10%), which was substantial. although not
statistically significant, lower, than the comparable areas in the {first survey in 1990 (51210, 1* 1%y and 1989
(57525.7*10%). The highest abundance was found in Div. 1B depth stratum 401-600 m, Div. 1C depth strata 601-800
and 801-1000 m and in Div. 1D depth strata 801-1000 and 1001-1200 m.

[ the first survey the length distribution in Div. 1B was dominated by three modes around 10, 19 and 24 and a
boarder mode around 34 cin The length distribution in Div. 1C and (D was dominated by fish between approumately
40 and 65 cm with clear modes around 50 cm, but with a tendency towards slightly larger fish in Div. 1D (Fig. 3).

lu the second survey the length distribution in Div. IB was dominated by the same four modcs ais in the first survey,
but (he fish scems 1o have grown 2-3 ¢ between the two surveys. The length distribution in Div. 1C and 1D was
domingted by fish between approximately 40 and 65 cm with clear modes around 50 and 52 cm in Div. 1C and 1D,
respectively. There was a tendency towards slightly larger fish i in Div. 1D. In Div. 1AS fish were generally between 20
and 30 cm, with several unclear modes (Fig. 3).

1991

In 1991 were conducted two survevs. The first survey took place between August 4 and August 30 and covered Div.
1AS to 1D at depths between 38 and 1490 m, In total 139 successful hauls were made (Fig. {. Tablc 1). The second
survey took place between November 12 and November 27 and covered Div. 1AS and lB al dcplhs between 38 and
774 m. In total 51 successiul hauls were made (Fig. 1, Table 1).

In the first survey the biomass of Greenland halibut in Div. 1B-1D, 401-1500 m. was estimated at 81746.4 tons
(5.E.15360.1), which was the second largest estimate in the time scrics, and an. although not statistically significant
(95% level), increase on approximately 30000 tons compired Lo the sccond survey in 1990 (Fig 2. Tablc 3). Almost all
the increase was observed in Div. 1C in depth strata 601-800 n1 and 801-1000 a1, while the cstimates form the other
strata were at approximately the same level as the year before. The rcason for the increase is unclear. The coverage
was the same in the two years. The main biomass was found at depths between 601 and 1000 in Div. 1C and 1001-
1200 m in Div. 1D

In the sccond survey the biomass in Div. [AS (0-400 m ) = IB (0-800 m) was cstimated at 11361.7 (ons (5.E. 2483.6)
whicl was a little lower compared to 13247.5 (S.E. 2613.1) in the same arca in the first survey in 1921. The bulk of
the biomass was found in Div. 1B at depths between 201 and 800 m in both surveys, but the biomass scemed to be
distributed at shallower depths compared to the first survey (Table 3),

In the first survey the abundance in Div, 1B-1D, 401-1500 m, was cslimated at 89974.8*10 (S.E. 16608.2%10°),
which is a heavy, although nol statisticalty significant, increasc compared 1o the year before (33611.5.7*10%) (Fig 2,
Table 4). Almost all the increase was secn in Div. 1B depth stratum 401-600 m and Div. | C depth strata 601-800 m,
and 801-1000 m. The increasc was statistically significant (95% level) in the (wo latier strata,

In lhe second survey the abundance in [AS (0-400 m) - 1B (0-800 m) was estimated at | 15834.2* 10° (S.E.*32784.6
107) which was about twice the cstimate on 54330.7*107 in samc arca in the first survey. (Table 4) The increasc was
primarily scen in depth strata 0-201 and 201-400 m cspecially in Div. 1B, and was mainly caused by scttling of a great
number of 0+ fish.

In the first survey the length distribution in Briv, 1B was dominated by three very distinet modes at 11, 18 and 27 cm,
while the length distribution in Div. [C and 1D was dominaled of fish between approximately 40 and 60 cm with clear
modes around 50 cm, but with and a tendency towards slightly larger fish in Div. 1D. In Div. 1AS were the first two
modes seen in Div. IB (11 and 18 cm) also noticed. Further, thirce modes at 30, 34 and 39 cm were seen (Fig, 3).

In the second survey the length distribution in Div. 1AS and |B was dominated by two modes at 7-8 and 12-13 cm,
respectively, of which the first mode represented newly sctiled O+ [ish. The larger fish seen in the first survey was
probably missing due to lack of hauls in the deeper strata in Div. 1AS (Fig. 3).

1992
In 1992 were condugted two surveys. The first survey took place between August 11 and August 28 and covered Div.
1AS to 1D at depths between 417 and 1473 m. In tolal 90 successful hauls were made (Fig. 1. Table 1). The second




survey was conducted between November 25 and December 7 and covered Div. 1C-1D at depilis between 310 and
1400 m. In total 49 successful hauls were made (Fig. 1, Table 1). Due to severe damage of the trawl in the second
survey , the trawl was replaced at haul 15, Although the two trawls were almost identical there was found a
statistically significant difference in the catchability of Greenland balibut in the two trawls (Satani er a/. MS 1993).
All catches after haul 15 are therefor multiplied by 2.4.

In the first survey the biomass of Greenland halibut in Div. 1B-1D, 401-1500 m, was estimaicd at 72588.6 tons
(S.E.15883.2) which was a statistically insignificant drop compared 10 81746.4 tons in the [irst survey in 1991 (Fig 2,
Table 3). The decrease was primarily scen in Div. 1C depth stratum 60 1-800 m (statistically significant (935 % level)
and in Div. 1D depth strata 801-1000 m and 1401-1500 m (statistically significant (93 % level). whilc the cstimales
were more or less at (he same level in the remaining depth strata in, The largest biomasses were found in Div. 1€
depth stratum 801-1000 m, Div. 1D depth stratum [001-1200 m and in Div. {B depth stratum 401-600, m where the
biomass estimate was the largest in the time series.

In the second survey the biomass in Div. 1C-1D, 401-1400 m, was estimated at 30863.1 tons (S.E. 11571.2) which
was a insignificant drop compared 0 59900.9 tons (S.E. 12713.9) in the same arca in the first survey in 1992 (Table
3). The bulk of the biomass was found in Div, 1D at depths between 1001 and 1401 m. Generally the biomass was
found at greater depths in the second survey compared to the first, probably duc 1o annual migrations and some fish
might have migrated into decper water outside the survey area (Jorgensen 1997a)

In the first survey the abundance in Div. 1B-1D, 401-1500 m, was cstimated at 102325.8*%10° (S.E. 26582.1*10%),
which was the second largest estimate in the survey series. The increase in abundance was, however, not statistically
significant compared to the 89974 8* 10° cstimated in 1991 Almost all the increase was seen in Div. B depth stratum
401-600, while there was a marked drop in abundance in Div. 1C depth stratum 601-800 m. The changes in the other
strata were limited. (Fig 2, Table 4).

In the second survey the abundance in Div. 1C- 1D, 401-1400 m, was cstimated at 58095.6%10°.(S.E. 12215. 8*10%)
which is at the same level ( 55977.9%10%) as in same area in the first survey, but the main distribution was decper and
more southerly i.e. in Div. 1D at depihs between 1001 and 1400 m,

In the first survey the length distribution in Div. 1B was dominated by four distinct modes at 12, 18, 27 and 33 cm,

“respectively. The length distribution in Div, 1C and 1D was dominated of fish between approximately 40 and 60 cm
with clear modes around 30 cm, however, witlr and a tendency towards slightly larger fish in Div. 1D. The first two
modes seen in Div. 1B (12 and 18 cm) was also obscrved in Div. [AS, Further. a broad mode around 36-40 cm and a
mode at 48 cm were secn (Fig 3). . ’

In the second survey the length distribution in Div. 1C was dominated by modes at 38, 40 and 44 cm, while the length
distribution in Div. 1D was dominated by a single mode around 49 cm, indicating a migration of larger fish towards
deeper water compared to the first survey (Fig, 3).

1993

The survey was conducted belween August 20 and September 8 and covered Div. 1B to 1D at depths between 435 and
1418 m. In (otal 87 successful hauls were made (Fig. 1. Table 1).

The biomass of Greenland hakibut in Div. 1B-1D, 401-1300 m_ was cstimated at 407398 tons (S.E. 7108.0) which is a
marked, but statistically insignilicant, decreasc comparcd 1o 1992 (72588.6 tons S.E. 158%3.2) (Fig. 2. Table 3). The
reduction in biomass was scen in alimost atl depth strata, but it was most proneunced in Div. 1C depth stratum 80 1-
1000 (statistically significant (95 % level). The highest biomass was found in Div. 1D depth stratum 1001-1200.

The abundance in Div. 1B-1D, 401-1500 m. was alimost halved (rom 102325.8*10° (S.E. 26582.1* 103) in 1992 () to
55712.0 10° (S.E. 11620.0 10%} in 1993 (statistically insignificant (93 % level)) (Table 4, Fig. 2) .The distribution of
the abundance rescmbled the distribution of the biomass, i.c. a reduction in almost all deptli strata and a significant
reduction in abundance in Div. 1C depth stratum 801-1000 m. The highest abundance was obscrved in Div. 1B depth
stratun 401-600 m as in the previous 1wo years.



In Div. 1B the tength distribution is dominated by two very distinct modes around 12 and 18 cn. The length
distribution in Div. 1C was dominated by fish between 38 and 58 ¢ with a mode around 48 cin, while (he distribution
in Div. 1D mainly consisted of fish between 40 an 60 cm with a mode around 30 ¢m (Fig. 3).

1994
The survey was conducted between August 2 and August 19 and covered Div. 1B to 1D at depths between 439 and
1472 m. Tn total 80 successful hauls were made (Fig. 1, Table 1).

The decrease in biomass scen since 1991 continued in 1994 and the lowes! eslimated biomass in the time scrics was
observed. The biomass in Div, 1B-1D, 401-13500 m, was estimated at 33938.5 tons (8.E. 7537.6) which was significant
{95 % lcvel) lower than the 81746.4 tons (S.E. 13360, 1) estimated in 1991, and somewhat lower than the estimate on
407598 tons (S.E. 7108) in 1993 (Fig. 2. Table 3). The reduction in biomass was seen in almost all depth strata
except Div. 1C depth stratum 801-1000 and Div. ID depth strata 1201- 1400 m and 1401-1500 m where smali
increases were observed. The highest biomass was found in Div- 1D depth stratum 1001 1200 as in the previous three
years.

The decrease in abundance seen since 1991 continued in 1994 and the estimated abundance in Div. 1B-1D, 401-1500
m, 35853.6*10° (S.E. 8742.5%10%) was significantly (95% Icvel) lower than the estimate from 1991 (89974.8*10° S.E.
16608.2*10%) (Table 4 Fig. 2). (The estimated abundance in 1992 was 102325.8%10° (S.E. 26582, 1*10%) but this
figure was not significantly different from the 1994 figure). The 1994 cstimate was also marked lower than the
estimate in 1993 (557]2.0"‘103 S.E. 11620.0%10%. The largest decrcase in abundance compared to 1993 was seen in
Div. 1B depth stratum 401-600 m, where the lowest abundance scen in the time series was observed. In contradiction
{o the previous yeas the highest abundance was found in Div. 1D depth stratum 1001-1200 and not in Div, 1B depth
stratum 401-600 m.

In Div, 1B the length distribution is dominated by four modes around 12, 18, 24 and 29 em of which the two first
modes have been seen in all surveys. The length distribution in Div. 1C was dominated of fish between 38 and 38 cm
with a clear mode around 48 cm, while the distribution in 1D consisted muainly of fish between 40 and 60 cm with a
mode around 50 cm (Fig. 3).

The age distribution in Div. 1B was dominated by fish age | to 4 corresponding to the four modes in the length
distribution. The age distribution in Div. 1C was dominaled by fish age 6 and 7 where fish age ¢ were more [requent
compared to 1988 and 1989, In Div. 1D the age distribution was dominated by fish between 6 and 8 years and as in
Div. 1C. The mode in the age distribution had, ho“e\ e, changed a ycar Irom age 8 10 age 7 compared to the lale
&0'ies (Fig. 4).

1995
The survey was conducted between August 12 and September 1 and covered Div. 1AS 1o 1D at dcplhs between 422
and 1463 m. In total 91 successlul hauls were made (Fig. 1. Table ).

The decrease in biomass scen since 1991 scemed (o have stopped in 1995 and the estimated biomass in Div. {B-1D,
401-1500 m, had stabilised at 43408.5 tons (8.E. 9446.8) compared to 33958.5 tons (S.E. 75337.6) in 1994 (Fig. 2
Table 3). The increase in biomass was seen in almost all depth strata except Div. 1C depth strata 401-600 m and
1001-1200 m and Div. 1D depth stratum 1201- 1400 m, where small decreases were observed. The highest biomass
was found in Div. 1D depth stratum 1001-1200 as in the previous lour vears.

The decrease in abundance seen since 1991 also seemed to have siopped in 1995 where the abundance in Div. 1B-1D,
401-1500 m, was estimated at 63416.2*10° (S.E. 16452.3%10%) which was marked, but not significantly higher, than
the estimate from 1994 (35853.6%10> S.E. 8742.5%10%). The increase in abundance was scen in all strata, except Div,
1D depth stratum 1201-1400 m. with the highest increase in Div. 1B depth stratum 401-600 m, wherc the highest
abundance also was observed. (Table, 4 Fig, 2). '

The length distribution in Div. 1B was dominated by four modes around 12, 20, 26 and 32 ¢m of which the two first
modes have been scen in all surveys. The length distribution in Div, 1C was dominated of fish belween 38 and 58 cm
with 2 mode around 48 ¢m, while the distribution in Div. 1D consisted mainly of fish between 40 and 60 cm with a
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mode around 50 cim, The length distribution in Div. 1AS consisted of several more or less-well defined modes at 2."5,
30,37, 44, 50, 54, and 59 cm (Fig. 3).

The age distribution in Div. 1B was dominated by fish age 1 to 4 (Fig. 4) corresponding (o the four modes in the
length distribution (Fig.3). The age distribution in Div. 1C was dominated by fish age 7 and the relative importance of
age 6 had decreased compared 10 1994, In 1988 and 1989 the age distribution was dominated by age 7 and age 8. In
1995 1t was still age 7 that was the most dominant but age 6 was now more dominant than age 8. In Div. 1D the age
distribution was dominated by fish between 6 and 8 years with a clear mode at age 7 and ages 6 and 8 being equally
dominant. The same paticrn was seen in the late 80'ies, except that it was age 8 that was the most dominant and ages 7
and 9 were about equally dominant. The age distribution in Div. ] AS was dominated of the ages 3 10 8, probably
corresponding to the six modes at 30 - 59 cm. chce the annual increase will be around 3 ¢, greatest at the younger
ages.

Sex ratig.

Although varying between years the trends in the sex distribution was the same through the period. The sex ratio was
about 50:50 at depths < about 600 m. The percentage of males gradually increased by depth until about 1000 m where
males made up around 75 % in Div. 1C and 1D, somewhat less in the more northerly Divisions (Tablc 7). At greater
depths the mumber of males declined gradually by depth and the sex ratio was again about 30:30 at depths above 1400
m. Those differences could be duc to difTerent in migration patterns by malcs and females and by the fact that males
are shorter living than females. Catches at great depth were thus dorminated by large (old) fish (Jorgensen 1997a).

Distributign in relation 1o botiom temperature.

The ncar boltom temperatures in the survey arca ranged between -2.1 and 4.9 °C (Table 8). Temperatures were
generally low in shallow waters due to the influence of (he cold West Greenland Current. In the northern part of the
survey area the temperature was highest on the banks in Div. 1B, 2-3 °C, and dccreased gradually towards decper
water and against north. In Div. 1C and 1D the temperature increased by depth to 401-600 m (3.9 °C) . and then
decreased gradually by depth to about 3.1 °C at 1401-1500 m. In Div. {E and IF the data were scarce but the
temperature was indicated to increase by depth to 4.6-4.8 °C al 401-600 m. In depth strata < 800 m in Div. 1B and 1C
and < 200 m in Div. 1D-1F the range in the temperature is considerable, probably because the West Greenland
Current only covered parts of these depth strata (i.e. a rather stecp temperature gradient within the steatum), and
because the extension of the current is varying both within years and between years. In Div. 1C at depths > 800 m and
in Div. 1D at depths > 200 m the botlom temperatures scemed to be rather constant. 3-4 °C. The largest catches (in
kg/km*)were generally made at temperatures between 3 and 4°C (in Div. 1C and ID). but a number of relatively good
catches were also made at lemperatures around 1°C (primarily in Div. IB but also in 1AS) (Fig. 3.) God caiches in
numbcers/km were made in the temperature range 1-3 °C. High concentrations of small fish. < 20 cw, siere primarily
found in shallow cool waters in Div. 1B and 1AS and larger fish, 45-55 cm, were prmmnh found al dcplhs between
800 and 1200 m in the warmer water in Div. 1C and 1D (Fig. 6). .

Discussion

Greenland halibut was found all over the arca surveyed. The largest biomasses were gencrally found in Div. 1C at
depths between 601 and 1000 m and in Div. 1D at depths between 801 and 1200 m, where also (he highest abundance
was found. High abundances were also found in 0-600 m depths in Div. 1B and 1AS. The population in this area
consisted mainly of small fish and the abundance was probably severely underestimated, because a large part of the
stock was distributed in the water column (Jorgensen 1997b). In Div. 1C and 1D Greenland halibut was scarce at
depths < 200 m. This probably also applics to Div. 1E and LF, bul lhc number of hauls were few in the arca and it was
covered down to about 500 m, anly.

The estimated biomass and abundance fluctuated during (he period but with a decreasing trend since 1991 coinciding
with the increase in the offshore fishery in Div. 0B and 1C-1D (Fig. 2). The highest biomass and abundance in the
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time scrics was obscrved in 1987, howcever, as (lic biomass and abundance al depths > 100G m was cslimated by an
ANOVA and as 1987 was the first year in the time series the cstimate is uncertain. On the other hand the obscrved
biomasses and abundances in all strata at deptlis < 1000 m were cither the highest or among the highest ever observed
in the time series. Although Greenland halibut seems 1o be distributed in (he same area year after year during the
summertime (Jorgensen 1997a), it can nol be excluded that the distribution in 1987 was exceptional.

The biomass and abundance was estimated by the ANOVA in [irst of all depth stratum 801-1060 m in Div. 1B, but
also in depth strata 401-800 m in Div. 1D. These strata arc. however, small and the figurcs cstimated by the ANOVA
contributed only liitle to the total estimales (Tables 3 and 4).

The length and age distribution in Div. IAN (data form 1988 only) was dominated by young fish (1-3 years of age),
mainly from depth stratum 201-500 m. There was, however, only a single haul at depths > 1000 1, thus the munber of
larger/older fish in the area was probably underestimated (Fig. 3 and 4). In Div. 1AS the length distribution was
dominated by fish belween 10 and 30 cm. but the distribution varied between years, probably reflecting the
distribution of the hauls (Table 3), as small fish are found in shallow water and fish are gelting larger with increasing
depth (Jorgensen 1997a). The length distribution in Div. LB was dominated by small fish and usually modes around
11, 19 and 26 cm were secn corresponding to ages 1 - 3. In all surveys Div. 1C and 1D were dominated by fish
between 40 and 60 cm with one clear mode around 48-50 cm. Despite the frequent sampling from research catches
through the years no growth of year-classes could be observed in the size distributions This could be caused by a
migration of larger fish out of the survey area. However, the length distribution in both commercial and (rial long line
calches showed that larger fish are present in the area, indicating that the lager fish are capable of escaping a bottom
trawl towed with 3.5 knots ( Jorgensen 1993, Jorgensen and Boch MS 1996). In Div. 1C and 1D the age distributions
were dominated by fish age 6-9. From the beginning (o the end of the time serics there has been a shifi towards
slightly vounger fish, but the age reading in (he two periods lmd been done by two different age readers, which may
have influenced the estimated age composition.

The southern part of 1AS and especially the northern part of Div. 1B are considered as the most important nursery
areas at West Greenland. This is in accordance with Smidt 1969, alihough he considered the arca west of Disko Island
(1AS) to be by far the most important. Smidt also mentions the arca south of Nuuk (64°N) as an important nursery
area, but there has been no indication of small fish in greater numbers. The coverage of the area was, hoswever, poor.
During the survey in 1988 a high abundance of small fish in Div. AN was found. The importance of lns area as
nursery area is, however, unknown as only one survey las been carricd out.
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Table 1. Year and cruise number, numbcer of hauls, area covered. depth range and period covered in the joint Japan’
Greenland surveys at West Greenland,

Year/ Hauls Area NAFO Depth Date
Cruise no of - div. range (m) ‘

1987 117 59°27'N-69°57'N 1A-1F 34- 998  Jul 15-Aug 13
1988 109  63°06'N-72°51'N 1A-1D 259 -1402  Sep. 12-Nov. 11
1989 61 63°03’N-65°43°N 1C-1D 494 - 1497  Apr. 30 - May 17
1990 | 75 63°05°N-68°26°N 1B-1D ‘449 - 1482  Jun. 9 -Jun. 22
1990 2 87 63°11'N-69°42°N 1A-1D 422 -1467  Aug. 27-Sep. 12
1991 1 139 63°07'N-69°5T'N 1A-1D 38 - 1490 Aug. 4 ~ Aug. 30
1991 2 51 606721 N-69°5T'N 1A-1B 38 - 774 Nov. 12 - Nov .27
1992 1 920 63°04°N-69°45"N 1A-1D 417 - 1475 Aug. 11 - Aug. 28
1992 2 49 63°10°N-66"11'N 1C-1D - 510 -1400 Nov.25-Dec. 7
1993 87 63°11'N-68°25°'N 1B-1D 435-1418  Aug. 20 - Sep. 8
1994 80 63°08°N-68°21'N 1B-1D 439-1472  Aug. 2 - Aug. 19
1995 91 63°06°N-69°46°N 1A-1D 422 - 1463 Aug. 12 - Sep. 1
Total 1036 59°27'N-72°51'N 1A-1F 34 -1497  Apr. 30-Deg¢. 7

Table 2. Areas (kin®) by NAFO Division and depth stratum (). 1AN: 201-500 m, 501-1000 m 1001-1500 m

Depth stratum (m) -
Divi- 1- 201- 401- 601- 801-, 1001- 1201- 1401-
sion 200 400 600 800 1000 1200 1400 1500
1AN 10102 35367 17592 _ 4894 :
1AS 8523 | 13562 1370 |: 828 919 1441 1092 516
1B 23815 19052 5376 3716 671 63 - -
1C 17196 5314 3366 16120 6066 611 - -
1D 8921 3362 903 1940 3874 10140 6195 3091
1E 7871 2000 329 341 325
IF 8808 3330 1211 1156
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Table 5. Biomass (tons), number of hauls / Standard Error in NAFQ Division 1E and IF by depth stratum in 1987,
(No abundance data). :

Div. Depth Biomass
{(m)
iE 1-200 5.0
3/50
201-400 359
2/29.5
IF  1-200 0.0
3/0.0
201-400 - 0.0
2/0.0
401-600 10.8

2/1.14

Table 6. Biomass (tons), number of hauls and Standard Error (S.E) and abundance (.000) and S.E. in Division 1AN
in 1988 by, depth stratum. S.E. in bold arc cstimated rom a regression between biomass (or abundance) and S.E. (see

text).

Depth (m) Biomass  Abundance
201-500 5502.4 59136.8
9/2197.8 2335.0

501-1000 10017.8 35604.3
11/1657.8 7483.3

1001-1500 3815.0 3315.7
1/839.3 795.8
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Table 7. Sex ratio (percent males) by NAFO Division and depth. All surveys combined. n=numbcr of lish scxed

Div.  Depth (im)  Percent n
milcs

IAN ~ 200-500 51.8 1036
501-1000 347 2207
1001-1500 43.8 83

1AS 0-200 49.3 2
201-400 44.1 372
401-600 51.5 398
601-800 57.0 637
801-1000 62.4 2616
1001-1200 609 191
1201-1400 556 670
F400-1500  46.9 32

1B 0-200 399 29
201-400 47.4 4610
401-600 48.0 18120
601-800 61.5 4205
801-1000 63.0 516

1C 401-600 60.0 1524
601-800 67.9 11977
801-1000 74.4 18297
1001-1200 74.2 4796

1D 401-600 50.2 738
601-800 739 00 1224 .
801-1000 77.4 8269
1001-1200 749 22865
1201-1400 70.0 10186

14001500 53.8 752
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Table 8. Mcan temperature (°C), range (°C). number of observations and Standard Error by NAFO Division and depth
stratum (), All surveys combicned. Div. LAN: Sce fool nole.

Div./

1D

1AS 1B IC IE IF
Depth
I- 012 -13-1.1 158 0941 079 -2.1-1.5 094 04-1.6 257 1.8-32 292 2.3-3.7
200 14/0.23 32/0.23 10/0.34 5/0,19 37041 5/029
201- 132 0126 2350345 300 1639 377 3145 455 42-49 455 4546
400 32/0.13 52/0.13 6/042 3/041 27033 2/0.05
401- 2.03 1.6-23 282 09-41 394 3349 383 2.7-46 470 4.6-4.8
600 10/0.09 58/0.10 34/0.05 8/0.22 2/0.10
601- 1.80 1.7-1.8 143 09-3.8 338 1.1-43 3.67 3440
800 2/0.10 23/0.16 145/ 0.05 1570.04
801- 1.07 0.8-1.3 167 0.9-14 348 3.2-4.0 348 3.0-39
1000 7/0.08 3/0.15 85/0.02 49/0.03
100i-  0.73 0.7-0.8 336 3.1-3.0 3.26 2.9-3.6
1200 37/0.03 147005 117/0.01
1201- 030 0.1-0.4 3.19 2.9-39
1400 5/0.05 827002
1401-  0.00 0.0-0.0 3.14 3.0-33
1500 1/ 13/0.03

tAN 201-300 m: Mean=1.39, Range=1.0-2.2 n= 7, S.E.= (.19, 501-1000 n: Mean= }.67,
S.E=10.09. 1001-1500 m: Mean 0.1, Range 0.1-0.1, n=1, S.E. -,

Range=1.1-2.0, n=11,
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Fig. 1. Distribution of catches in kg per km™ swept in the 12 joint Japan Greenland surveys conducted 1987-1995.
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Fig. 1. Distribution of catches in kg per km? swept in the 12 joint Japan Greenland surveys conducted 1987-1995
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Fig. 1. Distribution of catches in kg per km® swept in the 12 joint Japan Greentand surveys conducted 1987-1993
(Cont.). ‘
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Fig. 1. Distribution of catches in kg per km? swept in the 12 joint Japan Greenland surveys conducted 1987-1993
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Fig, 2. Estimated biomass (tons) and abundance (000} in Div. 1B-iD at depths between 401 and 13500 m in the period
1987-1993 with +/- Standard Error. The survey in 1989 covered 1C-1D only and was conducted in May, all other

surveys were conducted in July - October. Further, the offshore catclics {16ns) in Subarcn 0B and 1 are shown .
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Fig. 5. Relation between catch in kg per swept km* and bottom temperature (C®). Two catches on lL.8kgat-2.1°C

and 12700.2 kg at 3.1 °C, respectively, have been excluded.
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Fig.-_(;. Relation between catch in numbers per swept km® and botlom temperaiure (C°). Two calches on 13511.4
specimens at 3.2 °C and 19743.7 specimens at 3.0 °C, respectively, have been excluded.
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