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Abstract

During the period 1987-95 Japan Marine Fishery Resources Research Center and
Greenland Institute of Natural Resources jointly conducted 12 stratified random bottom
trawl surveys and 4 pelagic surveys at West Greenland. The bottom trawl surveys covered
the area between Cape Farewell an8522N down to depths approximately 1 500 m. The
survey area was restratified in 200 m depth intervals and the biomass and abundance of
Greenland halibut Reinhardtius hippoglossoide&/albaum) and roundnose grenadier
(Coryphaenoides rupestrisunnerus) were recalculated. The results of all surveys are pre-
sented together with information on length, age and sex distribution and, for Greenland
halibut, catches in relation to bottom temperature. Roundnose grenadier was recorded in 2
of the pelagic surveys and the vertical distribution was analyzed based on 59 pelagic hauls
covering the entire water column at all times of the day. The length distributions from pelagic
trawl hauls were compared to those from bottom hauls.

Key words abundance, age, biomass, Greenland halibut, length, pelagic occurrence,
Roundnose grenadier, sex distribution, temperature, trawl surveys, West
Greenland.

Introduction Ogawaet al., MS 1994; Yokaweet al., MS 1995;

Yokawaet al., MS 1996).
During the period 1987-95 Japan Marine Fish-

ery Resources Research Center (JAMARC) and The bottom trawl surveys were conducted as
Greenland Institute of Natural Resources (formerstratified random surveys. In the stratification
Greenland Fisheries Research Institute) jointly conschemes used in earlier work the depth range in
ducted 12 bottom trawl surveys and 4 pelagic sursome of the strata was very broad (601-1 000 m
veys (Jgrgensen, 1997a) at West Greenland as paahd 1001-1 500 m) due to lack of detailed sea
of a joint venture agreement on fisheries developeharts. For the more recent surveys, more detailed
ment and fisheries research in Greenland watersligitized sea charts have become available, and in
The surveys were primarily aimed at Greenlandthe present paper all the surveys in the time series
halibut Reinhardtius hippoglossoidesRoundnose have been restratified in 200 m depth intervals in
grenadier Coryphaenoides rupestjisvas the sec- order to achieve a better description of the distri-
ond most common species and was recorded in 1iution of Greenland halibut and roundnose grena-
of the bottom trawl surveys and 2 of the pelagic surdier, and hence more accurate estimates of biomass
veys. Some of the results have previously been reand abundance. Further, information on length, age
ported to NAFO as a number of Research Docuand sex distribution, distribution in relation to tem-
ments. (Yamadat al., MS 1988a; Yamadat al., perature for Greenland halibut and pelagic occur-
MS 1988b; Yatsu and Jgrgensen, MS 1989a; Yatstence of roundnose grenadier, not previously re-
and Jgrgensen, MS 1989b; Jgrgensen and Akimot@orted, is given. The digitized sea charts have ena-
MS 1990; Jagrgensen and Akimoto, MS 1991; Yandbled a more accurate measurement of the survey
and Jgrgensen, MS 1992; Sataial, MS 1993; area.
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Materials and Methods Wingspread ) was estimated as:

All data and material for this study were col- _ . length / (hand rope length + net lengh)
lected during 12 bottom trawl surveys and 2 pelagic
surveys which were directed mainly at Greenland DT
halibut. The bottom trawl surveys were conducted
from 1987 to 1995 at different times between AprilWhere net !ength = 63 m, hand rope length = 94 m
and December and a total of 1 036 trawl hauls wer@ndDT = distance between trawl doors.
carried out (Table 1). The surveys covered West
Greenland from south of Cape Farewell°3®'N,
to 7251'N, between the 3-mile limit and the 20
mile limit or the midline Canada-Greenland, at
depths from 34 to 1 497 m. NAFO Div. 1C and 1D
were covered by all surveys except one, while ar-
eas north of 6%7'N and south of 6®3'N were whereWL = warp length.
only covered once (Table 1, Fig. 1 and 2).

DT was measured by an Otter Grap, or, in most
o- cases, estimated as:

DT = 10.9 + 13.0n (WL)

The wing spread varied between approximately
37 and 45 m. The net height was measured by a
the southern part of Div. 1C and in Div. 1D (TablesusronoMNethre_corder G_ELn4dO varled_ k;]etwaeoen 6.5 ang
2). Two pelagic surveys conducted in Div. 1B re-"" m. Mesh Size was mm with a mm mes

vealed no roundnose grenadier and these surveys a(;gdend liner. Trawling was carried out in daytime

not dealt with in the present paper, as they were re]f—mly' API]I catchels were standa:jd|seg to c.atch pde% I§m
ported earlier (Jgrgensen, 1997a). rom the actual towing speed and estimated wing

spread. Biomass and abundance estimates were ob-
All surveys were carried out by the Japanesetamed by applying the swept area method taking

RV Shinkai Mary a 3 395 GRT stern trawler with 5 the catchability coefficient as 1.0.
000 HP.

In 1990 two pelagic surveys were conducted in

The survey area was stratified by NAFO Divi-
sion except Div. 1A, which was divided as 1AN and
1AS, denoting north and south of 70°N, respec-

In the bottom trawl surveys towing time was tively. Prior to the restratification, the NAFO Di-
usually 30 min, but towing times down to 15 min visions were subdivided in depth strata: 1-200,
were accepted. Average towing speed was 3.5 knot201-400, 401-600, 601-1 000 and 1 001-1 500 m,

Bottom trawl surveys:

TABLE 1. Year and cruise number, number of hauls, area covered, depth range and period
covered in the joint Japan Greenland surveys at West Greenland.

Year/ No. of NAFO Depth

cruise Hauls Area Div. range (m) Date

1987 117 59°27'N-69°57'N  1A-1F 34-998 15 Jul-13 Aug
1988 109 63°06'N-72°51'N  1A-1D  259-1 402 12 Sep—11 Oct
1989 61 63°03'N-65°43'N  1C-1D  494-1 497 30 Apr—17 May
1990 1 75 63°05'N-68°26'N  1B-1D  449-1 482 9 Jun-22 Jun
1990 2 87 63°11'N-69°42'N 1A-1D  422-1 467 27 Aug—12 Sep
1991 1 139 63°07'N-69°57'N  1A-1D 38-1 490 4 Aug-30 Aug
1991 2 51 66°21'N-69°57'N  1A-1B 38-774 12 Nov-27 Nov
1992 1 90 63°04'N-69°45'N  1A-1D  417-1475 11 Aug-28 Aug
1992 2 49 63°10'N-66°11'N 1C-1D  510-1 400 25 Nov-7 Dec
1993 87 63°11'N-68°25'N IB-1D  435-1418 20 Aug-8 Sep
1994 80 63°08'N-68°21'N  1B-1D  439-1 472 2 Aug-19 Aug
1995 91 63°06'N-69°46'N  1A-1D  422-1 463 12 Aug-1 Sep

Total 1036 59°27'N-72°51'N 1A-1F 34-1 497 30 Apr-7 Dec
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except 1AN which was divided in three strata: 201-  Due to lack of time, bad weather, ice coverage
600, 601-1 000 and 1 001-1 500 m. Based on be&nd restratification, some strata have not been cov-
ter digitized charts the survey area was restratifiedered in some surveys. In surveys used for compari-
and Div. 1AN was restratified into 3 strata: 201-son between years (surveys conducted in July—
500, 501-1 000 and 1 001-1 500 m. NAFO Div.October), the biomass and abundance in strata with-
1AS-1E were restratified in 200 m depth intervals,out hauls have been estimated by an ANOVA an-
except the depth stratum 1 401 to 1 500 m. Furthetjcipating that the distributionvas the same in all
the size of the strata were recalculated (Table 3).years (Jgrgensen, 1997b), according to the following:
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surveys conducted 1987-95.



Sci. Council Studies, No. 31, 1998

24
_Q T end .‘_b ~—]
Kg/sq km
. 9/sq B& Kg/sq km

p 3 o] 0 O 0
S6rw ® 1. 100 ® 1. 100
@ 101-1000 @ 101-1000
14 @ 1001 - 5000 @ 1001 - 5000
® ® -

101 - 1000
1001 - 5000

Fig. 1.
Greenland surveys conducted 1987-95.
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Fig. 1. (Continued). Distribution of catches of
Greenland halibut in kg per Knswept in the

Ln (biomass or abundance (per ®n= o +B,Y +
B, Div + B, Dep+¢

whereY = Year,Div = NAFO Division andDep =
Depth stratum.

For Greenland halibut the ANOVA was made
by NAFO Division to avoid the possibility that the
high biomass and abundance in the shallow strata
in Div. 1B could influence the estimation of biomass
and abundance in shallow strata without hauls in
Div. 1C and 1D where the biomass and abundance
usually was low, andice versain deep water (i.e.

a two way ANOVA excluding the variable "NAFO

Division"). The model was statistically significant

(P>0.01) in all cases and explained between 63%
and 91% of the variation in data. Biomass and abun-
dance was primarily estimated in the depth stratum
801-1 000 min Div. 1B, a rather small stratum (671
km?) with relatively low biomass and abundance and
in depth strata >1 000 m in 1987 (Tables 4 and 5).

For roundnose grenadier the variable NAFO
Division included Div. 1C and 1D. The model was
statistically significantP>0.01) and explained 71%
of the variation in data. Biomass and abundance was
primarily estimated by the ANOVA in depth strata
>1 000 min 1987, but also in some shallow strata in
Div. 1D with low biomass and abundance (Tables 6
and 7). In strata where biomass and abundance was
estimated by the ANOVA and in strata with only one
haul, the Standard Error (S.E.) was estimated from
a regression between mean biomass or abundance
and S.E.

The Greenland halibut otoliths used for age
determinationif = 553-962) were soaked in water
and then read under the microscope through trans-
mitted light. Age distributions were estimated us-
ing age/length keys, and survey length frequencies
pooled in 5 cm groups.

In 1988 scales were collected for age determi-
nation f = 366) of roundnose grenadier. The scales
were taken between the dorsal fins above the lateral
line. The age was determined using polarized light
(Kosswig, MS 1979). Age distribution was estimated
using age/length keys and survey length frequencies
pooled in 1-cm groups.

Near-bottom temperatures were measured, to
0.1°C, as close as possible to the bottom either by
CTD or XBT at 861 of the 1 036 trawl stations.

Pelagic surveys

joint Japan Greenland surveys conducted 1987—

95.

In the first pelagic survey, trawling took place
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conducted 1987-95.

Distribution of catches of roundnose grenadier in kg persaept in the joint Japan Greenland surveys
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Fig. 2. (Continued). Distribution of catches of
roundnose grenadier in kg per kKswept in the

ceding bottom trawl survey. The water column was
divided into four depth strata, further, subdivided
into three substrata. These were trawled for 20 min
each giving a total fishing time per stratum of 60
min. Towing speed averaged 4.0 knots. The net open-
ing was measured by net sonde and was approxi-
mately 30/70 m high and 40/80 m wide, respectively,
in the two nets (Table 2). In both net mesh size was
140 mm with a 30 mm mesh codend liner.

In the second pelagic survey the temperatures
were measured in the water column by CTD (to the
nearest 0.1°C), two times at each of the three pe-
lagic stations.

All surveys:

After each haul the catch was sorted by species
and weighed to nearest 0.1 kg, the number of speci-
mens recorded (not in all strata in 1987). Green-
land halibut was measured as total length (TL) to
1.0 cm below, and fish above approximately 15 cm
were sexed. In 1987 Greenland halibut was meas-
ured as fork length, which was transformed to total
length by multiplying with 1.02; no fish were sexed.
Roundnose grenadier was measured as preanal fin
length (AFL) to 0.5 cm below. In the bottom trawl
survey, the length distributions were calculated by 1
cm groups for Div. 1C and 1D in the depth intervals
401-800, 801-1 000, 1 001-1 200 and 1 201-1 500
m, respectively.

Results

The majority of the surveys covered Div. 1B—
1D at depths between 400 and 1 500 m, at approxi-
mately the same time of the year (July—October).
This area was used for comparison of between-year
variation in biomass and abundance for Greenland
halibut, while the area Div. 1C and 1D was used
for roundnose grenadier (unless otherwise men-
tioned). The recalculation of the area size of Div.
1B-1D showed an increase from 53 119%kim 62

joint Japan Greenland surveys conducted 1987—132 kn? (17%) (Table 3) (Yatsu and Jargensen, MS

95.

1989a).

For roundnose grenadier information on stom-

within a defined area and the water column was diach contents, growth, spawning, total length distri-
vided into 6 depth strata. Towing time varied betweerbutions by survey, length-weight relations, relation
30 and 90 min, but catches were standardized tbetween total length and preanal fin length, distri-
catch/hour. In the second pelagic survey fishing tooloution in relation to bottom temperatures, and abun-
place at three stations with good catches oflance per krh has been reported previously in
Greenland halibut and roundnose grenadier in a prelgrgensen (1996).
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TABLE 2. Outline of pelagic trawl surveys conducted at West Greenland, 1990.

Bottom No. of Net opening Strata (m)

Period Area depth (m) hauls (m) surveyed
Survey 1 22-27 June 63°09'N-63°49'N 916-1 583 24 30 x 40 50*-150 b.s
1990 and 220-350 b.s
53°02'W-53°51'W 420-550 b.s
380—150 a.b.

20 a.b

Survey 2 14-19 September 64°04'N 54°37'W 1073 12 70 x 80 50*-300 b.s
1990 64°19'N 55°38'W 1079 11 301-550 b.s
63°35'N 54°29'W 1119 12 551-800 b.s.

801-20 a.b

* Position of head rope. All other strata limits are position of ground rope. b.s. = below surface a.b. = above sea bottom.

TABLE 3. Areas (km?) by NAFO Division and depth stratum (m). (Note: 1AN had different strata: 201-500 m, 501-1 000
m, 1 001-1 500 m.)

Depth stratum (m)

Division 1-200 201-400 401-600 601-800 801-1 000  1001-1200 1201-1400 1401-1500
1AN 10 102 35367 17 592 4 894

1AS 8523 13 562 1370 828 919 1 441 1092 516

1B 23 815 19 052 5376 3716 671 63 - -

1C 17 196 5314 3 366 16 120 6 066 611 - -

1D 8921 3562 903 1940 3 874 10 140 6195 3091

1E 7871 2000 329 341 325

IF 8 808 3330 1211 1156

Bottom trawl surveys time in the survey series, but the survey covered

shallow waters (<500 m) only, and the estimated

1987 biomass was low (Table 8).
The survey was conducted between 15 July and

13 August and covered Div. 1AS to 1F at depths The abundance was the highest observed in the
between 34 and 998 m. In total 117 successful hauléme series (117 106.8 10°, S.E. 26 203.4& 10°)
were made (Fig. 1, Table 1). and the distribution of the abundance resembled the

distribution of the biomass (Table 5).

Greenland halibut The biomass of Greenland

halibut in Div. 1B-1D stratum, 401-1 500 m was In Div. 1AS and 1B the length distribution was
estimated at 115 158.5 tons (S.E. 25 366.9), whicldominated by very distinct modes around 11 and
was by far the highest estimate in the time seried9 cm. The length distribution in Div. 1C was domi-
(Table 4, Fig. 3). However, the estimate was basedated by fish between 38 and 58 cm with a broad
on 31 hauls only, and the biomass at depths >1 00mode around 46 cm, while the distribution in Div.
m was estimated by an ANOVA. The highest1D consisted mainly of fish between 42 and 70 cm
biomass was found in Div. 1C depth strata 801-with several modes (Fig. 4).
1 000 and 601-800 m and the biomass was esti-
mated to be high in Div. 1D depth strata 1 001- Roundnose grenadierRoundnose grenadier
1 200 and 1 201-1 400 m. The biomass was low avas found in Div. 1C, 1D, in four hauls, (<250 kg
depths <400 m in all Divisions (Table 4), except inper swept ki), in the southern part of Div. 1B depth
Div. 1B stratum 201-400 m (3 354.9 tons, S.E.stratum 401-600 and 601-800 m, and in a single haul
866.8). Division 1E and 1F was surveyed only thisin Div. 1F (3 kg per swept k.
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TABLE 7. Abundance ('000) of roundnose grenadier and Standard Error (S.E.) by NAFO Division, depth stratum, year and cruise
number. Abundance figures in bold are estimated from a three-way ANOVA and S.E. in bold are estimated from a
regression between abundance and S.E. (see text).

Date: 1988 1989 1990 1990 1991 1992 1992 1993 1994 1995
Depth 12 Sep— 30 Apr— 9 Jun— 27 Aug- 4 Aug- 11 Aug- 25 Nov- 20 Aug- 2 Aug-— 12 Aug-
Div. (m) 11 Oct 17 May 22 Jun 12 Sep 30 Aug 28 Aug 7 Dec. 8 Sep 19 Aug 1 Sep
1C 401-600 296.7 61.1 1403.1 329.5 180.4 339.3 19.0 12.5 12.9 53.1
231.0 31.4 1112.6 250.4 58.3 243.9 19.0 7.2 12.9 28.8
601-800 3449.7 41.5 535.8 4606.1 27870.3  3520.4 1910.9 570.2 1400.4 954.5
1579.8 41.5 243.2 1833.9 18085.3  2612.9 638.6 272.7 701.5 322.6
801-1000 15150.3  2074.5 624.0 12994.2  88985.0 150859.0 5083.6 9503.6 3553.1 12264.1
4785.3 1583.7 407.2 6098.5  31332.9 45218.9 920.4 4947.4 1611.4 6757.3
1001-1200  11153.5 83.3 46.2 2737.3 8697.4 2469.2 791.2 1897.3 1022.2 537.4
9952.4 16.7 6.7 493.0 2471.2 454.3 38.8 1258.9 250.4 389.1
ID 401-600 218.7 530.6 620.3 1335.6 3153.6 882.5 418.8 87.4 29.3 46.0
113.7 253.0 620.3 694.5 3136.6 525.1 217.8 24.1 15.2 23.9
601-800 1960.6 220.1 31.7 163.3 22664.4  44294.0 533.1 279.9 427.5 400.8
1019.5 114.5 12.8 84.9 21553.5  22110.7 98.8 145.5 134.5 208.4
801-1000 42115.9 1143.5 2729.5 11885.3 27018.3 40225.6 1224.2 1716.2 413.3 733.8
20512.5 755.4 2501.1 11443.4 18650.2 39017.2 219.1 966.6 76.7 126.4
1001-1200  78363.3 12930.6  4574.2  33304.4 50037.0 56056.8 6788.8 15939.5  4442.6 6823.2
26692.0  2864.5 656.2 6395.3 11876.3  11631.7 1092.1 3185.0 1125.7 1727.3

1201-1400  11492.5 6800.5 2950.9 5844.7 9479.5 13135.0  5487.1 10181.0  4215.7 6637.1
983.7 1458.8 1435.6 1096.6 1770.3 3612.9 2312.4 3002.3 1732.4 1986.6
1400-1500 4273.8 12229.3  11294.8 3690.4 2636.5 187.4 21.2 1165.0 3295.2
2222.4 17.3 7231.5 1316.7 535.6 97.4 11.0 324.9 1445.9

Sum 1C-1D 168475.0 36115.0 24810.5 76890.8 240722.4 311969.2 22256.7 40208.8 16682.0 31745.2
401-1500 68092.3 7136.8 14227.2  29707.2 109470.2 125525.0 5557.0 13820.7  5985.6 13016.3

TABLE 8. Biomass of Greenland halibut (tons), numberHowever, the estimate was based on 23 hauls only,
of hauls/Standard Error in NAFO Divisions and the biomass at depths >1 000 m (47% of the to-
1E and 1F by depth stratum in 1987. (No tal) was estimated by an ANOVA. The highest bio-

abundance data). mass was found in Div. 1C depth stratum 801—1 000
: : m. Roundnose grenadier occurred only sporadically
Div. Depth(m) Biomass at depths <400 m in Div. 1C, and the biomass was
1E 1-200 50 estimated at only 63.1 tons.
3/5.0 Due to incomplete sampling it was not possible
201-400 35.9 to make estimates of abundance.
2/29.5

The lengths ranged between 2 and 16 cm (AFL)

1F 1-200 /0'0 and the length distributions were dominated by
5/0.0 modes around 9 and 10 in depth strata 401-800 and
201-400 0.0 801-1 000 m (Fig. 6).
2/0.0
401-600 10.8 1988
2/1.14 The survey was conducted between 12 Septem-

ber and 11 October and covered Div. 1AN to 1D at

depths between 422 and 1 402 m (259-1 398 m in

1AN). In total 109 successful hauls were made (Fig.
The biomass of roundnose grenadier in Div. 1C-1, Table 1).

1D stratum, 401-1 500 m was estimated at 83 778.2

tons (S.E. 35 552.3), which was by far the highest Greenland halibut The biomass of Green-

estimate in the time series (Table 6, Fig. 2 and 5)land halibut in Div. 1B-1D stratum, 401-1 500 m
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was estimated at 58 647.5 tons (S.E. 9 133.9), whiclmode between 34 and 52 cm, reflecting a dominance
was only half the estimate in 1987, but the differ-of hauls in the deeper strata. The length distribu-
ence was not statistically significant (95 % level)tion in Div. 1C was dominated by fish between 38
due to large variation in data (Fig. 3, Table 4). Theand 58 cm with a broad mode around 50 cm, while
highest biomass was found in Div. 1C depth stratdahe distribution in Div. 1D consisted mainly of fish
601-800 and 801-1 000 m, and in Div. 1D depthbetween 42 and 70 cm with a mode around 52 cm
strata 1 001-1 200 and 1 201-1 400 m. Division(Fig. 4).
1AN was surveyed only this time in the survey se-
ries, and 21 hauls were made in the area. The The age distribution in Div. 1A (1AN + 1AS)
biomass was estimated at 19 335.2 tons (S.E. donsisted of fish age 1 to 7, where the younger fish
694.9) of which the larger part (10 017.8 tons) wasvere mainly found in Div. 1AN, while the older fish
found in depth stratum 501-1 000 m (Fig. 1, Table 9)mainly came from Div. 1AS. Division 1B was domi-
nated by young fish <5 years, while the age distri-
The abundance in Div. 1B-1D (401-1 500 m)butions in Div. 1C and 1D were unimodal with
dropped from 117 106.8 10®* (S.E. 26 203.4x  modes around 7 and 8 years, respectively (Fig. 7).
103) in 1987 to 68 121.% 10° (S.E. 16 696.1x  (The otoliths have been reread after the material
10°) in 1988 (statistically insignificant (95% level)) given in Yatsu and Jgrgensen (1989b)).
(Table 5, Fig. 3). The distribution of the abundance
resembled the distribution of the biomass, except Roundnose grenadier Besides a single speci-
that a high abundance was observed in Div. 1Bnen caught at 7@4'N (Div. 1A) roundnose grena-
depth stratum 401-600 m. In Div. 1AN the abun-dier was found in Div. 1C and 1D, only. The biomass
dance was estimated at 98 05&.803 specimens in Div. 1C-1D, 401-1 500 m, was estimated at 44
(S.E. 10 614.% 10°) of which more than 50% was 235.1 tons (S.E. 14 358.6) which was only about half
found in depth stratum 201-500 m (Table 9). the estimate in 1987 but the difference was not sta-
tistically significant (95% level) due to large varia-
In Div. 1AN and 1B the length distribution was tion in data (Fig. 2 and 5, Table 6). The largest de-
dominated by three very distinct modes around 1lcrease in biomass was seen in Div. 1C, especially in
19 and 24 or 28 cm. The length distribution in 1ASdepth stratum 801-1 000 m where the biomass was
was dominated by a mode around 25 cm and a broa@duced from about 29 000 tons in 1987 to about 1

200 000 -
A Biomass
/ \ Abundance ------ J

e / N\ Catch ——~- - 16000
[0}
5 4
c
8 120000 - T irons
% 7 ) <
< (&)
7 w
2 7 O
@ 80000 14 000
E 4
o
s}

40000 - 14 000
oG 40

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996

Fig. 3. Estimated biomass (tons) and abundance (‘000) of Greenland halibut in Div.
1B-1D at depths between 401 and 1 500 m in the period 1987-95 with +/-
Standard Error. The survey in 1989 covered 1C-1D only and was conducted in
May, all other surveys were conducted in July—October. The offshore catches
(tons) in Subarea 0B and 1 are shown.
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Fig. 5. Estimated biomass and abundance of roundnose grenadier in Div. 1C-1D at depths
between 401 and 1 500 m in the period 1987-95 with +/- Standard Error. The
survey in 1989 was conducted in May, all other surveys were conducted in mid
July—mid October. No abundance data from 1987.

500 tons in 1988. The highest biomass was found iiB and the western part of Div. 1C and 1D were
Div. 1D depth stratum 1 001-1 200 m. not surveyed due to ice.

The abundance in Div. 1C-1D, 401-1 500 m,  Greenland halibut The biomass of Greenland
was estimated at 168 475:010° (S.E. 68 092.3  pajipyt in Div. 1C-1D stratum, 401-1 500 m was

10°) and the distribution of the abundance resembleg stimated at 69 085.6 tons (S.E. 13 855.4), which
the distribution of the biomass, i.e. the highest abuny 5 4 statistically insignificant (95% level) increase

dance was found in Div. 1D depth stratum 1 0015 pijomass on approximately 17 000 tons compared
1200 m (Table 7). to the estimate for the same area in 1988. The two

The lengths ranged from 2 to 22 cm (AFL) angsSurveys were, however, conducted at different time
there was a clear increase in length by depth wit f the year which makes comparison difficult (Fig.

. ; , Table 4). The highest biomass was found Div.
modes at 6, 9, 9.5 and 14 cm in the four depth inter:
vals (Fig. 6). P 1D depth strata 1 001-1 200 and 1 201-1 400 m as

in the previous years. The biomass was, however,
The ages ranged from 4 to 20 years and age goncentrated more southerly and at greater depths

was the most dominant in both Div. 1C and 1D (Fig.compared to 1987 and 1988, probably reflecting

8). Generally the fish seemed to be older in Div. 1D annual movements between the spawning ground

probably reflecting that the size (age) was increasand feeding areas (Jgrgensen, 1997a).

ing by depth. The maximum depth in Div. 1C is about

1 200 m and fish were sampled at depths down to 1  The abundance in Div. 1C-1D, 401-1 500 m,

500 m in Div. 1D. The smallest fish in the age/lengthwas estimated at 57 525x710° (S.E. 111 16.&

key were 6 cm, which implies that fish in the length10%) which was an increase from 43 883910

range 2-5 cm AFL, which constituted 18.5% of thecompared to the same area in 1988. The distribu-
fish in Div. 1C and 3.7% of the fish in Div. 1D, have tion of the abundance resembled the distribution of

not been included in the age composition. the biomass in a more southerly and deeper distri-
bution compared to previous year (Fig. 3, Table
1989 5).

The survey was conducted between 30 April
and 17 May and covered Div. 1C and 1D at depths Fish were generally larger in Div. 1D compared
between 494 and 1 497 m. In total 61 successfulo 1C and the distributions were unimodal with
hauls were made (Fig. 1, Table 1). Divisions 1AS,modes around 50 and 48 cm, respectively (Fig. 4).
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TABLE 9. Biomass of Greenland halibut (tons), number pct

of hauls and Standard Error (S.E.) and
abundance (‘000) and S.E. in Division 1AN
in 1988 by, depth stratum. S.E. bold are
estimated from a regression between biomass
(or abundance) and S.E. (see text).

Depth (m) Biomass Abundance
201-500 5502.4 59236.8
9/2197.8 2335.0
501-1000 10017.8 35604.3
11/1657.8 7483.5
1001-1500 3815.0 3315.7
1/839.3 795.8

The age distributions in Div. 1C and 1D were
unimodal with modes around 7 and 8 years, respec
tively, as in 1988, but there were fewer young fish
in Div. 1C compared to 1988 (Fig. 7).

Roundnose grenadier The biomass in Div.
1C-1D stratum, 401-1 500 m was estimated at !
149.7 tons (S.E. 2 900.0) which was a statistically
significant (95% level) drop in biomass on approxi-
mately 35 000 tons compared to the estimate in 198¢
The two surveys were, however, conducted at dif-
ferent time of the year which makes comparison dif-
ficult (Fig. 2 and 5, Table 6). Roundnose grenadiel
was almost absent from Div. 1C and more than 60%
of the biomass was found in the small depth stratun
1 401-1 500 m in Div. 1D (3 091 Ky where the
biomass increased compared to 1988.

The abundance in Div. 1C-1D stratum, 401—
1 500 m was estimated at 36 115.00° (S.E. 7 136.8
x 10%) which was a marked, but statistically
insignificant, decrease compared to about 15500
10° in 1988. The highest abundance was found ir
Div. 1D depth stratum 1 001-1 200 m. (Fig. 5, Table
7).

The lengths ranged from 2 to 19 cm (AFL) but
the length distribution was dominated by small fish
with a mode around 4.5 cm (AFL) in all depth strata.
A mode around 8-9 cm (AFL) was also seen in all
depth strata except stratum 801-1 000 m. Further,

broad mode at 12-15 cm (AFL) was seen in the deerig. 7. Age distribution of Greenland halibut by survey

est depth stratum (Fig. 6).
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Fig. 7. (Continued). Age distribution of Greenland Div. 1D
halibut by survey and NAFO Division. 20
1990
o104
In 1990 two surveys were conducted. The firs’
survey took place between 9 June and 22 June al
covered Div. 1B to 1D at depths between 449 and

0- -

482 m. In Div. 1B only depth stratum 401-600 m

12345678 91011121314 15161718192022
was covered. In total 75 successful hauls wer

made, (Fig. 1, Table 1). The second survey too Age
place between 27 August and 12 September angg 7 (continued). Age distribution of Greenland
covered Div. 1AS to 1D at depths between 422 and halibut by survey and NAFO Division.

1467 m and in total 87 successful hauls were made
(Fig. 1, Table 1).
51 744.3 tons (S.E. 9 296.7), which was compara-

Greenland halibut In the first survey, the ble tothe estimated 58 647.2 tons in approximately
biomass of Greenland halibut in Div. 1C-1D stra-the same period in 1988 (Fig. 3, Table 4). The esti-
tum, 401-1 500 m was estimated at 62 778.9 tonmate for Div. 1C-1D was 44 018.1 tons, which was
(S.E.13 466.1), which was close to the 69 000 tonsubstantially, although not statistically significant,
estimated in the same area in 1989, where the sufewer than in the comparable areas in the first sur-
vey took place approximately a month earlier (Ta-vey in 1990 (62 778.9 tons) and in 1989 (69 085.6
ble 4). The main biomass was found at depths betons). The highest biomass was found in Div. 1C
tween 601 and 1 000 m, and generally on shalloweglepth strata 601-800 and 801-1 000 m and in Div.
water and more northerly compared to 1989. 1D depth strata 1 001-1 200 and 1 201-1 400 m.

In the second survey the biomass in Div. In the first survey the abundance in Div. 1C—
1B-1D stratum, 401-1 500 m was estimated atiD stratum, 401—-1 500 m was estimated at 51 210.1
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Fig. 8. Age distribution of roundnose grenadier 1988

in NAFO Div. 1C and 1D.

x 10® (S.E. 11 463.% 1(®), which was a little lower
than in the same area in 1989 (57 5250° (Table

5). The derivation of the abundance resembled the
distribution of the biomass i.e. the main abundance
was found at depths between 601 and 1 000 m. Com-
pared to 1989 the abundance was generally found
on shallower water and more northerly.

In the second survey the abundance in Div. 1B—
1D stratum, 401-1 500 m was estimated at 53 611.5
x 10%(S.E. 10 060.4< 10%), which was somewhat
lower than the estimate of 68 121x11.0% from ap-
proximately the same period in 1988 (Fig. 3, Table
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5). The estimate for Div. 1C-1D was 37 95X4 In the first survey the abundance in Div. 1C-1D
108 (S.E. 7 136x 10%), which was substantially stratum, 401-1 500 m was estimated at 24 8%0.5
lower, although not statistically significant, than the10® (S.E. 14 227.% 10%), which was a little lower
comparable areas in the first survey in 1990than in the same area in 1989 (36 118.00°), de-
(51 210.1x 10°%) and 1989 (57 525.% 10°). The spite the increase in biomass. The distribution of the
highest abundance was found in Div. 1B depth straabundance resembled the distribution of the biom-
tum 401-600 m, Div. 1C depth strata 601-800 andss, i.e. the main abundance was found in depth stra-
801-1 000 m and in Div. 1D depth strata 801-1 00Qum 1 401-1 500 m (Table 7).
and 1001-1 200 m.
In the second survey the abundance in Div. 1C—
In the first survey the length distribution in Div. 1D stratum, 401—1 500 m was estimated at 76 890.8
1B was dominated by three modes around 10, 1% 103 (S.E. 29 707.x 10%), which was about three
and 24 and a broader mode around 34 cm. Th@mes the estimate in the first survey (24 810 B¥),
length distribution in Div. 1C and 1D was domi- ajthough the biomass only was doubled, indicating
nated by fish between approximately 40 and 65 cmyn influx of small fish, which was also reflected in
with clear modes around 50 cm, but with a tendencyhe |ength distribution (Fig. 5 and 6). The estimate
towards slightly larger fish in Div. 1D (Fig. 4).  in the second survey was about half the estimate in
the comparable survey in 1988 (168 47%.0.0°).

In the second survey the length distribution int,4 highest abundance was found in Div. 1D depth
Div. 1B was dominated by the same four modes ag;;atum 1 001—1 200 m.

in the first survey, but the fish seemed to have
grown 2-3 cm between the two surveys. The length |, e first survey the lengths ranged between 3

distribution in Div. 1C and 1D was dominated by ;4 55 o (AFL) (Fig. 6). The increase in size by
fish between approximately 40 a}nd 6,5 cm with Cleardepth seen in most other surveys could not be ob-
modes .around 50 and 52 cm in Div. 1C anq 1Dserved in this survey, except that fish in the deepest
respect'wel'y. There was a 'tendency towards s“gh“)ﬁepth stratum generally seemed to be the largest and
larger fish in Div. 1D. In Div. 1AS fish were gener- o jength distribution was dominated by a broad
ally betwgen 20 and 50 cm, with several unclearmode around 15 cm (AFL). The distributions in the
modes (Fig. 4). three shallow strata were dominated by a number of

. modes without any clear trends.
Roundnose grenadierln both surveys y

roundnose grenadier was found in Div. 1C and 1D

only (Fig. 2). In the second survey the lengths ranged from 2

to 21 cm (AFL) and the length distributions in the
In the first survey the biomass of roundnosefour depth strata were dominated by mO(_jes ats, 8, 9
grenadier in Div. 1C—1D stratum, 401—1 500 m Wasand 12 cm mt_jlcatmg a clear increase in size by d_epth,
estimated at 9 184.5 tons (S.E. 5 762.9). which wals also seen in the comparable survey in 1988 (Fig. 6).
close to the 8 149.7 tons estimated in the same argggq
in 1989 where the survey took place approximately
a month earlier. The bulk of the biomass was found In 1991 two surveys were conducted. The first
in Div. 1D depth stratum 1 401-1 500 m as insurvey took place between 4 August and 30 August
1989. The biomass in Div. 1C was very low but hadand covered Div. 1AS to 1D at depths between 38
increased slightly compared to 1989 (Table 6). and 1 490 m. In total 139 successful hauls were
made (Fig. 1, Table 1). The second survey took
In the second survey the biomass in Div. 1Cplace between 12 November and 27 November and
1D stratum, 401-1 500 m was estimated to 19 162.0overed Div. 1AS and 1B at depths between 38 and
tons (S.E. 6 488.0), which was more than a doubling 74 m. In total 51 successful hauls were made (Fig.
compared to the survey about two months earlierl, Table 1).
but only about the half of the estimate in the compa-
rable survey in 1988 (44 235.1 tons). The highest Greenland halibut In the first survey the
biomass was found in Div. 1D depth stratum 1 001-biomass of Greenland halibut in Div. 1B-1D stra-
1 200 m indicating that the fish had moved toward¢um, 401-1 500 m was estimated at 81 746.4 tons
shallow water in the period since the first survey,(S.E. 15 360.1), which was the second largest esti-
where the highest biomass was found in depth stranate in the time series, and although not statisti-
tum 1 401-1 500 m (Table 6, Fig. 5). cally significant (95% level), an increase of
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approximately 30 000 tons compared to the secon@—8 and 12-13 cm, respectively, of which the first
survey in 1990 (Fig. 3, Table 4). Almost all the in- mode represented newly settled age 0+ fish. The
crease was observed in Div. 1C in depth stratéarger fish seen in the first survey were probably
601-800 m and 801-1 000 m, while the estimatesissing due to lack of hauls in the deeper strata in
from the other strata were at approximately theDiv. 1AS (Fig. 4).
same level as the year before. The reason for the
increase is unclear. The coverage was the same in Roundnose grenadier Roundnose grenadier
the two years. The main biomass was found atvas only recorded at the first survey. All the biomass
depths between 601 and 1 000 m in Div. 1C andvas found in Div. 1C-1D stratum, 401-1 500 m,
1 001-1 200 min Div. 1D. except a single specimen caught in depth stratum
601-800 m in Div. 1B. The biomass was estimated
In the second survey the biomass in Div.at 41 890.8 tons (S.E. 16 122.4), which was a dou-
1AS (0-400 m)-1B (0-800 m) was estimated atbling compared to the second survey the year be-
11 361.7 tons (S.E. 2 483.6) which was a little lowerfore, but at the same level as the comparable survey
compared to 13 247.5 tons (S.E. 2 613.1) in then 1988. The increase in biomass compared to the
same area in the first survey in 1991. The bulk ofsurvey in 1990 was mainly seen in Div. 1C depth
the biomass was found in Div. 1B at depths betweestratum 801-1 000 m, where also the largest biomass
201 and 800 m in both surveys, but the biomassvas found. A significant proportion of the biomass
seemed to be distributed at shallower depths comwas also found in Div. 1D depth stratum 1 001-1 200
pared to the first survey (Table 4). m (Fig. 2 and 5, Table 6).

In the first survey the abundance in Div. 1B— The abundance in Div. 1C-1D stratum, 401—
1D stratum, 401-1 500 m was estimated at 89 974.8 500 m was estimated at 240 722.40° (S.E. 109
x 10% (S.E. 16 608.x 10°), which was a large, al- 470.2x 10°), which was a marked, although not sta-
though not statistically significant, increase com-tistically significant, increase compared to the year
pared to the year before (53 611.%.10° (Fig. 3, before (76 890.& 10°) (Fig. 5, Table 7). The larg-
Table 5). Almost all the increase was seen in Divest increase in abundance was seen in Div. 1C depth
1B depth stratum 401-600 m and Div. 1C depthstrata 601-800 and 801-1 000 m, where the largest
strata 601-800 m and 801-1 000 m. The increasabundance was found, and in the two shallow strata
was statistically significant (95% level) in the two in Div. 1D, indicating an influx of small fish which
latter strata. was also reflected in the length distributions (Fig.
6).
In the second survey the abundance in 1AS (0-
400 m)-1B (0-800 m) was estimated at 115 834.2 The lengths ranged between 1 and 22 cm (AFL)
x 10° (S.E. 32 784.& 10° which was about twice and the length distribution in the four depth strata
the estimate of 54 330.7 10% in same area in the were dominated by modes around 5, 8, 9 and 12 cm
first survey (Table 5). The increase was primarilyas seen in the second survey in 1990.
seen in depth strata 0-201 and 201-400 m espe-
cially in Div. 1B, and was mainly caused by set-1992
tling of a great number of age 0+ fish. In 1992 two surveys were conducted. The first
survey took place between 11 August and 28 Au-
In the first survey the length distribution in Div. gust and covered Div. 1AS to 1D at depths between
1B was dominated by three very distinct modes a#17 and 1 475 m. In total 90 successful hauls were
11, 18 and 27 cm, while the length distribution inmade (Fig. 1, Table 1). The second survey was con-
Div. 1C and 1D was dominated of fish between ap-ducted between 25 November and 7 December and
proximately 40 and 60 cm with clear modes aroundcovered Div. 1C-1D at depths between 510 and
50 cm, but with and a tendency towards slightlyl 400 m. In total 49 successful hauls were made
larger fish in Div. 1D. In Div. 1AS, the first two (Fig. 1, Table 1). Due to severe damage of the trawl
modes seen in Div. 1B (11 and 18 cm) were alsdn the second survey, the trawl was replaced at haul
noticed. Further, three modes at 30, 34 and 39 cr&5. Although the two trawls were almost identical,
were seen (Fig. 4). there was a statistically significant difference found
in the catchability of Greenland halibut in the two
In the second survey the length distribution intrawls (Sataniet al., MS 1993). All catches after
Div. 1AS and 1B was dominated by two modes athaul 15 were therefore multiplied by 2.4. The
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difference in the catchability of roundnose grenadier  In the first survey the length distribution in Div.
was a factor of 3.1 but the difference was not statisiB was dominated by four distinct modes at 12, 18,
tically significant due to large variation in data. 27 and 35 cm, respectively. The length distribution
in Div. 1C and 1D was dominated of fish between
Greenland halibut In the first survey the approximately 40 and 60 cm with clear modes
biomass of Greenland halibut in Div. 1B-1D stra-around 50 cm, however, with and a tendency to-
tum, 401-1 500 m was estimated at 72 588.6 tonwards slightly larger fish in Div. 1D. The first two
(S.E. 15 883.2), which was a statistically insignifi- modes seen in Div. 1B (12 and 18 cm) were also
cant drop compared to 81 746.4 tons in the firsbbserved in Div. 1AS. Further, a broad mode around
survey in 1991 (Fig. 3, Table 4). The decrease wa86-40 cm and a mode at 48 cm were seen (Fig. 4).
primarily seen in Div. 1C depth stratum 601-800
m (statistically significant at 95% level) and in Div. In the second survey the length distribution in
1D depth strata 801-1 000 m and 1 401-1 500 nbiv. 1C was dominated by modes at 38, 40 and 44
(statistically significant at 95% level), while the cm, while the length distribution in Div. 1D was
estimates were more or less at the same level in thdominated by a single mode around 49 cm, indicat-
remaining depth strata. The largest bhiomasses weliag a migration of larger fish towards deeper water
found in Div. 1C depth stratum 801-1 000 m, Div.compared to the first survey (Fig. 4).
1D depth stratum 1 001-1 200 m and in Div. 1B
depth stratum 401-600 m, where the biomass esti- Roundnose grenadier Roundnose grenadier
mate was the largest in the time series. was found in Div. 1C and 1D only, in the two sur-
veys. In the first survey the biomass was estimated
In the second survey the biomass in Div. 1C—at 43 132.5 tons (S.E. 15 192.5), which was at the
1D stratum, 401-1 400 m was estimated at 50 863.3ame level as the survey in 1991 (41 890.8 tons) and
tons (S.E. 11 571.2), which was an insignificantthe distribution of the biomass in the two surveys
drop compared to 59 900.9 tons (S.E. 12 713.9) invas very much alike, i.e. with the highest biomass
the same area in the first survey in 1992 (Table 4)in Div. 1C depth stratum 801-1 000 m closely fol-

The bulk of the biomass was found in Div. 1D atlowed by Div. 1D depth stratum 1 001-1 200 m (Fig.
depths between 1 001 and 1 401 m. Generally thg and 5, Table 6).

biomass was found at greater depths in the second
survey compared to the first, probably due to an- In the second survey the biomass dropped sig-
nual migrations when some fish might have mi-nificantly (95% level) to only 1 101.5 tons (S.E.
grated into deeper water outside the survey areg41.7) compared to the survey three month earlier
(Jorgensen, 1997b). (43 132.5 tons) (Fig. 2, Table 6). The highest biom-
ass was found in depth stratum 1 201-1 400 m. Depth
In the first survey the abundance in Div. 1B—stratum 1 401—-1 500 m was not covered in this sur-
1D stratum, 401-1 500 m was estimated at 10Zey. The biomass in this stratum was, however, esti-
325.9x 10® (S.E. 26 582.1x 10°%), which was the mated at 135 tons only in the first survey. On the
second largest estimate in the survey series. Thether hand relatively high biomass had been recorded
increase in abundance was, however, not statistin the stratum in the spring in 1989 and 1990, when
cally significant compared to the 89 974x810°  the overall biomass was low.
estimated in 1991. Almost all the increase was seen
in Div. B depth stratum 401-600, while there was a  In the first survey the abundance in Div. 1C-1D
marked drop in abundance in Div. 1C depth strastratum, 401-1 500 m was estimated at 311 969.2
tum 601-800 m. The changes in the other strata’® (S.E. 12 525.0x 10%), which was a minor in-
were limited. (Fig. 3, Table 5). crease compared to about 240 00Q.0° in 1991.
The highest abundance, 150 8620°, was found in

In the second survey the abundance in Div. 1C-pijv. 1C, depth stratum 801-1 000 m. (Fig. 5, Table 7).
1D stratum, 401-1 400 m was estimated at 58 095.6

x 10° (S.E. 12 215.& 10°%), which was at the same In the second survey the abundance in Div. 1C—
level (55 978.0x 10°% as in same area in the first 1D stratum, 401-1 400 m was estimated at 22 256.7
survey, but the main distribution was deeper and 10 (S.E. 5 557.6< 10°%), which was a statistically
more southerly i.e. in Div. 1D at depths betweensignificant drop compared to the first survey
1 001 and 1 400 m. (311 969.2x 10® S.E. 125 525.& 10°). The highest
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abundance was found in the two deepest strata sur- Roundnose grenadier Roundnose grenadier
veyed in Div. 1D (1 001-1 400 m) (Table 7). was found in Div. 1C-1D only, and the biomass was
estimated at 8 029.3 tons (S.E. 1 676.4), which was
In the first survey the lengths ranged between Ja marked but statistically insignificant decrease
and 19 cm (AFL) and the length distributions in thecompared to 1992 (I) (43 132.5 tons S.E. 15 192.5)
four depth strata were dominated by modes aroun@Fig. 2 and 5, Table 6). The reduction in biomass
6, 9 and 11 cm similar to what was seen in previousvas seen in almost all depth strata but it was most
surveys conducted at the same time of the year (Figaronounced in Div. 1C depth stratum 801-1 000 m
6). (statistically significant at 95% level). The highest
biomass was found in Div. 1D depth stratum 1 001—
In the second survey the lengths ranged betweeh 200 m.
1 and 15 cm (AFL). Clear modes were also seen in
the four depth strata but they were now located The abundance in Div. 1C-1D stratum, 401-
around 4 and 6 cm (AFL) in the two shallow and thel 500 m was reduced statistically insignificantly,

two deep strata, respectively (Fig. 6). to 40 208.8< 10° (S.E. 13 820.% 10°) compared to
311 969.2x 10% (S.E. 125 525.6c 10%) in 1992 (1).
1993 The reduction in abundance was seen in all depth

The survey was conducted between 20 Ay Strata. The highest abundance was found in Div.

gust and 8 September and covered Div. 1B to 1D JfD depth stratum 1 001-1 200 m, where it used to

depths between 435 and 1 418 m. In total 87 Suit_)e located in Div. 1C depth stratum 801-1 000 m at

cessful hauls were made (Fig. 1, Table 1). this time of the year (Table 7, Fig. 5).

. . The lengths ranged from 2 to 19 cm (AFL) and
Greenland halibut The hiomass of Greenland the length distribution in the four depth strata re-

halibut in Div. 1B-1D stratum, 401-1 500 m, Was combled the distribution in the comparable surveys
estimated at 40 759.8 tons (S.E. 7 108.0), which P Y

was a marked, but statistically insignificant, de-" having modes at 3.5, 6, 9 and around 11 cm, re-

crease compared to 1992 (1) (72 588.6 tons S E:spectively, although the position of the modes var-
15 883.2) (Fig. 3, Table 4). The reauction i'nl'ed slightly between years. Further, minor modes

biomass was seen in almost all depth strata, buvtverde setez at 6_cr3 |nt(r:i]eptthtstratlur;0i01l—ggg m aFnd a
most pronounced in Div. 1C depth stratum 801—21)0 € at 4 .cmin depth stratum B m (Fig.
1 000 (statistically significant at 95% level). The ™
highest biomass was found in Div. 1D depth stra-1 gg4
tum 1 001-1 200.
The survey was conducted between 2 August and
The abundance in Div. 1B-1D stratum, 401-19 August and covered Div. 1B to 1D at depths
1 500 m was almost halved from 102 32%.90° between 439 and 1 472 m. In total 80 successful
(S.E. 26 582.% 10%) in 1992 (1) to 55 712.& 10®  hauls were made (Fig. 1, Table 1).
(S.E. 11 620.0x 10%) in 1993 (statistically insig-
nificant at 95% level) (Table 5, Fig. 3). The distri- Greenland halibut The decrease in biomass
bution of the abundance resembled the distributiorseen since 1991 continued in 1994 and the lowest
of the biomass, i.e. areduction in almost all deptlestimated biomass in the time series was observed.
strata and a significant reduction in abundance imMhe biomass in Div. 1B-1D stratum, 401-1 500 m
Div. 1C depth stratum 801-1 000 m. The highestwas estimated at 33 958.5 tons (S.E. 7 537.6), which
abundance was observed in Div. 1B depth stratumwvas significantly (95% level) lower than the 81
401-600 m as in the previous two years. 746.4 tons (S.E. 15 360.1) estimated in 1991, and
somewhat lower than the estimate on 40 759.8 tons
In Div. 1B the length distribution was domi- (S.E. 7 108) in 1993 (Fig. 3, Table 4). The reduc-
nated by two very distinct modes around 12 and 18ion in biomass was seen in almost all depth strata
cm. The length distribution in Div. 1C was domi- except Div. 1C depth stratum 801-1 000 and Div.
nated by fish between 38 and 58 cm with a modd D depth strata 1 201-1 400 m and 1 401-1 500 m
around 48 cm, while the distribution in Div. 1D where small increases were observed. The highest
mainly consisted of fish between 40 an 60 cm withbiomass was found in Div. 1D depth stratum 1 001—
a mode around 50 cm (Fig. 4). 1 200 m as in the previous three years.
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The decrease in abundance seen since 199&tatistically significant at 95% level) than the esti-
continued in 1994 and the estimated abundance imate from 1992 (311 969.2 10° S.E. 125 525.(
Div. 1B-1D, 401-1 500 m, 35 8536 1C°® (S.E. 109, and less than half of the estimate in 1993
8 742.5x 10%) was significantly (95% level) lower (40 208.8x 10%) (S.E. 13 820.% 10°. The reduc-
than the estimate from 1991 (89 9748.0° S.E. tion in abundance compared to 1993 was seen in al-
16 608.2x 10°%) (Table 5, Fig. 3). The estimated most all strata but was most pronounced in Div.
abundance in 1992 was 102 325¢810° (S.E. 1D depth strata 1 001-1 200 m and 1 200-1 400 m.
26 582.1x 10®) but this figure was not significantly As in 1993, the highest abundance was seen in Div.
different from the 1994 figure. The 1994 estimatelD depth stratum 1 001-1 200 m (Table 7, Fig. 5).
was also markedly lower than the estimate in 1993
(55 712.0x 10°® S.E. 11 620.0< 10%). The largest The lengths ranged between 1 and 18 cm (AFL).
decrease in abundance compared to 1993 was sed@s in the previous survey at this time of the year the
in Div. 1B depth stratum 401-600 m, where the low-length distribution in the four depth strata were domi-
est abundance seen in the time series was observathted by modes at 4 cm, around 6 cm, 8 cm and, in
In contradiction to the previous years, the highesthe deepest stratum, a broad mode ranging from 8 to
abundance was found in Div. 1D depth stratuml2 cm. The position and width of the modes were,
1 001-1 200 m and not in Div. 1B depth stratumhowever, varying between years (Fig. 6).
401-600 m.
1995
In Div. 1B the length distribution was domi-
nated by four modes around 12, 18, 24 and 29 cm The survey was conducted between 12 August
of which the two first modes were seen in all sur-and 1 September and covered Div. 1AS to 1D at
veys. The length distribution in Div. 1C was domi- depths between 422 and 1 463 m. In total 91 suc-
nated by fish between 38 and 58 cm with a cleatessful hauls were made (Fig. 1, Table 1).
mode around 48 cm, while the distribution in 1D
consisted mainly of fish between 40 and 60 cm with ~ Greenland halibut The decrease in biomass
a mode around 50 cm (Fig. 4). seen since 1991 seemed to have stopped in 1995
and the estimated biomass in Div. 1B-1D stratum,
The age distribution in Div. 1B was dominated 401-1 500 m had stabilized at 43 408.5 tons (S.E.
by fish age 1 to 4 corresponding to the four mode® 446.8) compared to 33 958.5 tons (S.E. 7 537.6)
in the length distribution. The age distribution inin 1994 (Fig. 3, Table 4). The increase in biomass
Div. 1C was dominated by fish age 6 and 7, whereavas seen in almost all depth strata except Div. 1C
fish age 6 were more frequent compared to 1988epth strata 401-600 m and 1 001-1 200 m and Div.
and 1989. In Div. 1D the age distribution was domi-1D depth stratum 1 201-1 400 m, where small de-
nated by fish between 6 and 8 years and as in Diwreases were observed. The highest biomass was
1C. The mode in the age distribution had, howeverfound in Div. 1D depth stratum 1 001-1 200 m as
changed a year from age 8 to age 7 compared to the the previous four years.
late-1980s (Fig. 7).
The decrease in abundance seen since 1991 also
Roundnose grenadier Roundnose grenadier seemed to have stopped in 1995 where the abun-
was found in Div. 1C and 1D only. The decrease indance in Div. 1B-1D stratum, 401-1 500 m was
biomass seen since 1992 continued in 1994 and thestimated at 63 416.8 10° (S.E. 16 452.% 10°)
biomass in Div.1C-1D stratum, 401-1 500 m waswhich was marked, but not significantly higher, than
estimated at 3 144.4 tons (S.E. 909.4), which washe estimate from 1994 (35 8536L0° S.E. 8 742.5
the lowest estimated biomass in comparable surveys 10°). The increase in abundance was seen in all
in the time series, and lower (statistically signifi- strata, except Div. 1D depth stratum 1 201-1 400
cant at 95% level) than the estimate on 43 132.5 tons and with the highest increase in Div. 1B depth
in 1992. Compared to 1993, the reduction in biomasstratum 401-600 m, where the highest abundance
was seen in all depth strata. The highest biomass wadso was observed. (Table 5, Fig. 3).
found in Div. 1D depth stratum 1 201-1 400 m, where
it was found in depth stratum 1 001-1 200 min 1993  The length distribution in Div. 1B was domi-
(Fig. 2 and 5, Table 6). nated by four modes around 12, 20, 26 and 32 cm
of which the two first modes were seen in all sur-
The abundance was estimated to an all time lowyeys. The length distribution in Div. 1C was domi-
16 682.0x 10% (S.E. 5 985.6 10°%), which was lower nated by fish between 38 and 58 cm with a mode
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around 48 cm, while the distribution in Div. 1D Sex ratio
consisted mainly of fish between 40 and 60 cm with

gmof:sarounq 50dcn]j. The Ie;ngth d'Str'lbUt'on IIr;ations between years the trend in the sex distribu-
d(la\lfi.ned mggzz'zttezso3§e\é$ra44mgge 501{ aiSdSS\gec tion was the same through the period. The sex ratio
(Fig. 4) e E T e Was about 50:50 at depths < about 600 m. The per-
o centage of males gradually increased by depth un-
o . til about 1 000 m where males made up around 75%
The age d|str|but|o.n in Div. 1B was dpmmated in Div. 1C and 1D, somewhat less in the more north-

by fish age 1 to 4 (Fig. 7) corresponding to the

. S . erly Divisions (Table 10). At greater depths the
four gjotd%s ;n thg Igngtggstnbgtlon_ (Ftlga ‘L)' ;r.hﬁnumber of males declined gradually by depth and
age distribution in Div. was dominated by fISN o oy ratio was again about 50:50 at depths above
age 7 and the relative importance of age 6 had d

creased compared to 1994. In 1988 and 1989 th 400 m. These differences could be due to differ-

o ; nces in migration patterns by males and females
age distribution was dominated by age 7 and a9€ Sng by the fact that males are shorter lived than

Lnaifgstlgweaz Stgls i%e 7mt2f: ;voani':]l?wtn;ﬁ; daorzl— emales. Catches at great depth were thus dominated
utag w w ! 9 )y large (old) fish (Jgrgensen, 1997b).

In Div. 1D the age distribution was dominated by
fish between 6 and 8 years with a clear mode at age Roundnose grenadier Although there were

7 and ages 6 and 8 being equally dominant. Th?/iriations between years the trend in the sex ratio

istavTaes Zat(taegnt;]lvaatsv\?aesetnhg ri]h:slta(;i-nf?nsaonst’ ::githQ? s the same throughout the period in surveys con-
9 9 ucted in the summer time (July—October). (There

and 8 were also dominantly represented. The 49%ere too few observations in the spring and autumn

g'fgg’u“ﬁ)nb:b:)“golrf‘ess Woansdq:mt'g?idspy ;:]gdaegsez?urveys to draw any conclusions about the variation
P y P Ing X in sex ratio by season). The percentage of males

30-59 cm. Hence Fhe annual Increase 15 likely tq radually decreased by depth from 70.3% at depth
be around 5 cm with the greatest increase at thgtratum 801-1 000 m to about 50% at depths
younger ages. >1 400 m (Table 11). (Note: the figure of 52.1%
R q dierR q di males at depth stratum 601-800 m was based on 7
oundnose grenadier Roundnose grenadier g, only). Overall 59.2% of the sexed specimens
was found in Div. 1C and 1D only. The decrease iNvere males in the summer surveys. When all sur-

biomass seen since 1992 seemed to have stopped and < were compounded, 56.1% of the specimens

the estimated biomass in Div. 1C-1D stratum, 401— .
1500 m increased from 3 144.4 tons (S.E. 909.4) iy ¢ males. Atkinson and Power (MS 1987b) also

: : i f males (64%) i 1
1994 to 7 187.2 tons (S.E. 2 445.7) in 1995 (Fig, a0und @ dominance of males (64%) in Subarea 1, but

and 5, Table 6). The increase in biomass was seen m'thoUt any trends in the distribution by depth.

almost all depth strata. The highest biomass wagsiripution of Greenland halibut in relation to
found in Div. 1D depth stratum 1 001-1 200 m as Nyottom temperature

1994.

Greenland halibut Although there were vari-

The near bottom temperatures in the survey area

The abundance in 1995 also increased fronfanged between -2.1 and 4®(Table 12). Tempera-
16 682.0x 10° (S.E. 5 985.6x 1(F) in 1994 to 31 tures were generally low in shallow waters due to
745.2x 108 (S.E. 13 016.% 10%). The increase in the influence of the cold West Greenland Current.
abundance was seen in almost all strata, but was mokit the northern part of the survey area the tempera-
pronounced in Div. 1C depth stratum 601-800 mture was highest on the banks in Div. 1B, 263
where the highest abundance was observed as in t@&d decreased gradually towards deeper water and
beginning of the time series (Table 7, Fig. 5). northward. In Div. 1C and 1D the temperature in-

creased by depth to 401-600 m (X9, and then

The lengths ranged from 2 to 21 cm (AFL) anddecreased gradually by depth to about°g.1at
the length distribution in the two shallow strata werel 401-1 500 m. In Div. 1E and 1F the data were
dominated by clear modes at 4.5 and 7 cm, respescarce but the temperature was indicated to increase
tively. In depth stratum 1 001-1 200 m were seerby depth to 4.6—4°& at 401-600 m. In depth strata
three modes at 4, 9 and 11 cm, and in depth stratusm800 m in Div. 1B and 1C and <200 m in Div. 1D-
1201-1 500 m two modes at 4 cm and around 12 crhF the range in the temperature was considerable,
were seen. (Fig. 6). probably because the West Greenland Current only
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covered parts of these depth strata (i.e. a ratheat the same position as the pelagic statiors 934)
steep temperature gradient within the stratum), an@Fig. 11). The catches on the bottom at the three sta-
because the extension of the current was varyingjons varied between 788.1 and 2 259.6 kg per swept
both within years and between years. In Div. 1C akm?2. The temperature ranges were 2.5-5.2, 3.9-4.5,
depths >800 m and in Div. 1D at depths >200 m the8.7—-4.5 and 3.2-3.9°C in the four depth strata, re-
bottom temperatures seemed to be rather constaspectively.

around 3—-4C. The largest catches (in kg/Rhwere

generally made at temperatures between 3 &ad 4 Discussion

(in Div. 1C and 1D), but a number of relatively good

catches were also made at temperatures arot@d 1 Bottom trawl surveys

(primarily in Div. 1B but also in 1AS) (Fig. 9.). . .
Good catches in numbers per kmere made in the Greenland halibut Greenland halibut was
temperature range 12@. High densities of small found all over the area surveyed. The largest

; ; - - biomasses were generally found in Div. 1C at
fish, <20 cm, were primarily found in shallow cool e
waters in Div. 1B and 1AS and larger fish, 45_55depths between 601 and 1 000 m and in Div. 1D at

cm, were primarily found at depths between 800depths between 801 and 1 200 m, where also the

and 1 200 m in the warmer water in Div. 1C and 1Dhighest abundance was found. High abundances

(Fig. 10) were also found in 0-600 m depths in Div. 1B and
' ' 1AS. The population in this area consisted mainly
Pelagic surveys of small fish and the abundance was probably se-

verely underestimated, because a large part of the

Roundnose grenadier In total 59 pelagic hauls stock was distributed in the water column
were made in the two pelagic surveys (Table 2). INJargensen, 1997a). In Div. 1C and 1D Greenland
the first survey roundnose grenadier was caught in #alibut was scarce at depths <200 m. This probably
of the 24 hauls. In the stratum closest to the bottonalso applies to Div. 1E and 1F, but the number of
2 (0.2 kg) and 6 (0.2 kg) specimens were taken ahauls were few in the area and it was only covered
noon and sunset, respectively. In the stratum 420down to about 500 m.
550 m from the surface (approximately in the middle
of the water column) 2 676 (389.4 kg) and 1 speci- The estimated biomass and abundance fluctu-
men (0.3 kg) were taken at midnight and noon, reated during the period but with a decreasing trend
spectively. The lengths ranged from 2 to 16 cm withafter 1991 coinciding with the increase in the off-
a mode around 9 cmn(= 352). The catches of shore fishery in Div. 0B and 1C-1D (Fig. 3). The
roundnose grenadier at two bottom trawl stations irhighest biomass and abundance in the time series
the pelagic survey area in the preceding bottom trawlvas observed in 1987, however, as the biomass and
survey were rather poor, 4.7 and 53.2 kg per swepdbundance at depths >1 000 m was estimated by an
km?, and the length distribution was bimodal with ANOVA and as 1987 was the first year in the time
modes around 5 and 14 cm £ 44) (Fig. 11). series, the estimate is uncertain. On the other hand

the observed biomasses and abundances in all strata

In the second survey roundnose grenadier waat depths <1 000 m were either the highest or among
caught in 18 of the 35 hauls. The largest catch wathe highest ever observed in the time series. Al-
365 specimens (63.9 kg). Roundnose grenadier watiough Greenland halibut seems to be distributed
taken in all four depth strata, but it was most com4in the same area year after year during the
mon in the depth stratum closest to the bottom, whereummertime (Jgrgensen, 1997hb), it can not be ex-
it was taken at all times of the day (Tables 13 andluded that the distribution in 1987 was exceptional.
14). It was also taken at all times of the day in depth
stratum 550-800 m with the largest catch at mid- The biomass and abundance was primarily es-
night. The catches in the two upper depth strata werdmated by the ANOVA in depth stratum 801-1 000
all low and without any clear trend in the catch dis-m in Div. 1B, and in depth strata 401-800 m in Div.
tribution by the time of the day. As the length distri- 1D. These strata are, however, small and the fig-
butions in all strata at all times of the day were veryures estimated by the ANOVA contributed only lit-
much alike, the length frequency data have beenle to the total estimates (Tables 4 and 5).
pooled. The length ranged from 2 to 17 cm with a
mode around 9 crm(= 1 711), which resembled the The length and age distribution in Div. 1AN
length distribution at the three bottom trawl stations(data from 1988 only) was dominated by young fish
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TABLE 10. Sex ratio (percent males) of Greenland depths >1 000 m, thus the number of larger/older
halibut by NAFO Division and depth. All
surveys combined. n

number of fish

fish in the area was probably underestimated (Fig.
4 and 7). In Div. 1AS the length distribution was
dominated by fish between 10 and 50 cm, but the
distribution varied between years, probably reflect-
ing the distribution of the hauls (Table 4), as small
fish were found in shallow water and they were
getting larger with increasing depth (Jgrgensen,
1997b). The length distribution in Div. 1B was
dominated by small fish and usually modes around
11, 19 and 26 cm were seen 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 distri-
butions. This could be caused by a migration of
larger fish out of the survey area. However, the
length distribution in both commercial and trial long
line catches showed that larger fish were present in
the area, indicating that the larger fish are capable
of escaping a bottom trawl towed with 3.5 knots
(Jgrgensen, 1995; Jgrgensen and Bech, MS 1996).
In Div. 1C and 1D the age distributions were domi-
nated by fish age 6-9. From the beginning to the
end of the time series there has been a shift towards
slightly younger fish, but the age reading in the two
periods had been done by two different age read-
ers, which may have influenced the estimated age
composition.

The southern part of Div. 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), although
he considered the area west of Disko Island (Div.

Sex distribution (percent males) of round- 1AS) to be by far the most important. Smidt (1969)
nose grenadier in surveys conducted in thealso mentions the area south of Nuuk {@%as an
period July—October combined. n = number jmnortant nursery area, but there has been no indi-

sexed.
Div. Depth (m) Percent males n
1AN 200-500 51.8 1 056
501-1000 54.7 2 207
1001-1500 45.8 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 60.9 191
1201-1400 55.6 670
1400-1500 46.9 32
1B 0-200 39.9 29
201-400 47.4 4610
401-600 48.0 18 120
601-800 61.5 4 205
801-1000 65.0 516
1C 401-600 60.0 1524
601-800 67.9 11 977
801-1000 74.4 18 297
1001-1200 74.2 4 796
1D 401-600 50.2 758
601-800 73.9 1224
801-1000 77.4 8 269
1001-1200 74.9 22 865
1201-1400 70.0 10 186
1400-1500 53.8 752
TABLE 11.
of fish sexed.
Percent
Depth (m) males n
601-800 52.1 7
801-1000 70.3 275
1001-1200 63.4 2730
1201-1400 52.7 2 439
1401-1500 51.0 801
Overall 59.2 6 252

cation of small fish in greater numbers. The cover-
age of the area was, however, poor. During the sur-
vey in 1988 a high abundance of small fish in Div.

1AN was found. The importance of this area as a
nursery area is, however, unknown as only one sur-
vey was carried out.

Roundnose grenadier Roundnose grenadier
was distributed from the southern part of Div. 1B
and southward, apart from a single occurrence in Div.
1A at 7044'N. It was usually found at depths >400
m and most common at 1 000-1 200 m, but the depths

(1-3 years of age), mainly from depth stratum 201-with greatest abundance varied between years and
500 m. There was, however, only a single haul aby year. Roundnose grenadier was not found in Div.
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TABLE 12. Mean temperature (°C), range (°C), number of observations and Standard Error (S.E.) by NAFO Division and depth
stratum (m). All surveys combined. Div. 1AN: see foot note.
Div./Depth 1AS 1B 1C 1D 1E 1F
1-200 -0.12 -1.3-1.1 1.58 -0.9-4.1 0.7 -2.1-1.5 0.94 0.4-1.6 2.57 1.8-3.2 2.92 2.3-3.7
14/0.23 32/0.23 10/0.34 5/0.19 3/0.41 5/0.29
201-400 1.32 0.1-2.6 2.35 0.3-4.5 3.00 1.6-3.9 3.77 3.1-4.5 4.55 4.2-4.9 4.55 4.5-4.6
32/0.13 52/0.13 6/0.42 3/0.41 2/0.35 2/0.05
401-600 2.03 1.6-2.3 2.82 0.9-4.1 3.94 3.3-4.9 3.85 2.7-4.6 4.70 4.6-4.8
10/0.09 58/0.10 34/0.05 8/0.22 2/0.10
601-800 1.80 1.7-1.8 1.43 0.9-3.8 3.38 1.1-4.3 3.67 3.4-4.0
2/0.10 23/0.16 145/0.05 15/0.04
801-1000 1.07 0.8-1.5 1.57 0.9-1.4 3.48 3.2-4.0 3.48 3.0-3.9
7/0.08 3/0.15 85/0.02 49/0.03
1001-1200 0.73 0.7-0.8 3.36 3.1-3.6 3.26 2.9-3.6
3/0.03 14/0.05 117/0.01
1201-1400 0.30 0.1-0.4 3.19 2.9-3.9
5/0.05 82/0.02
1401-1500 0.00 0.0-0.0 3.14 3.0-3.3
1/ 13/0.03

1AN 201-500 m: Mean = 1.59, Range = 1.0-2.2, n=7, S.E.=0.19. 501-1 000 m: Mean = 1.67, Range = 1.1-2.0,n=11, S.E.=0.09. 1 001-1 500 m:
Mean 0.1, Range 0.1-0.1, n=1, S.E.-.
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Fig. 9. Relation between catch of Greenland halibut in kg per swepiakth bottom

temperature ( C).
3.1 C have been excluded.

Two outlier catches of 1.8 kg at -2.1 C and 12 700.2 kg at
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Fig. 10. Relation between catch in numbers of Greenland halibut per swéphdrhottom
temperature (°C). Two outlier catches of 13511.4 specimens at 3.2°C and 19 743.7
specimens at 3.0°C have been excluded.
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Fig. 11. Length distribution of roundnose grenadier in two pelagic surveys and on bottom
trawl stations in the survey areas.

1E and only sporadically in Div. 1F, but this was however based on 23 hauls only, and the biomass at
probably because the coverage of the relevant deptldepths >1 000 m (47% of the total) was estimated
was very poor. from an ANOVA, in which 1987 was the first year
in the time series. On the other hand, the biomass in
The highest estimated biomass was observed ithe area (including the southern part of Div. 1B) was
1987 (84 000 tons in Div. 1C-1D). The estimate wasstimated at about 100 0@ihs, by a Canadiaurvey
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TABLE 13. Mean catches of roundnose grenadier (kg/hour), Standard Deviation (STD) and number of hauls (n) distributed
by depth stratum and time of day.

Time Midnight Sunrise Noon Sunset

Depth (m) kg/hr  STD n kg/hr  STD n kg/hr  STD n kg/hr  STD n
50-300 0.3 0.3 3 0 0 2 0.1 0.1 3 0.6 1
301-550 0 0 3 2.9 1 0 0 3 0.2 0.3 2
551-800 20.8 29.4 2 0.8 1.1 2 0.6 1.1 3 0.2 1
801-bottom 38.3 36.3 2 29.4 1 36.2  16.1 3 17.2 10.7 3

TABLE 14. Mean catches of roundnose grenadier (numbers/hour or No./hr), Standard Deviation (STD) and number of hauls
(n) distributed by depth stratum and time of day.

Time Midnight Sunrise Noon Sunset

Depth (m) No./hr  STD n No./hr STD n No./hr STD n No./hr  STD n
50-300 30 2.6 3 0 0 2 0.3 0.6 3 1.0 1
301-550 0 0 3 13 1 0 0 3 1 1.4 2
551-800 109 154 2 3 4.2 2 4.7 8.1 3 1 1
801-bottom2103 220 2 101 1 181 75.4 3 128 85.1 3

in 1986 (Atkinson and Power, MS 1987a). The bio-variations in biomass and abundance. From the bio-
mass was almost halved to 44 000 tons between 198#ass estimates from different times of the year, how-
and 1988, and the biomass remained at this level withver, a certain movement pattern could be indicated.
some fluctuations until 1992. Since then the biom-The biomass was low and found mainly at deep wa-
ass decreased to about 8 000 tons in 1995. The reter, primarily in Div. 1D, in the spring (the survey in
son for this decrease is not known. The bottom tem1989 and the first survey in 1990). Roundnose grena-
peratures in the area have been stable throughout tléer then gradually moved to shallow water and to-
period (Table 12). The trawl fishery for Greenlandwards Div. 1C, where it was found during the sum-
halibut in the area has been increasing during thener. In the autumn roundnose grenadier moved to-
period. The reported catches of roundnose grenadiavards deeper water and left the survey area (the
have been very low (<300 tons, Anon, 1997). It cansurveys in 1992) (Fig. 2). These movements were
however, not be excluded that the fishery forprobably related to feeding.
Greenland halibut has had a negative influence on
the roundnose grenadier stock. Most of the In mostof the surveys conducted during the sum-
roundnose grenadier in the area are small and wiliner a clear increase in length by depth is observed,
probably escape through the 140 mm net used in thieut generally the fish were small with modes at 12—
Greenland halibut fishery, but roundnose grenadiefl4 cm (AFL) in the deepest stratum. This increase
is rather fragile and might be lethally injured in thatby depth was also observed by Atkinson and Power
process. The area off West Greenland seems to be(®S 1987a).
feeding area for roundnose grenadier, which to a
large extent feeds on pelagic Crustacea (Jgrgensen, The age distribution in 1988 was dominated by
1996). Decrease in the primary and secondary proage 7 which corresponds to an AFL length of 9 cm
duction could, on the other hand, have changed th@grgensen, 1996) and indicates a rather slow growth.
availability of food and hence caused the observed he age reading was based on scales but this method
decrease in the abundance of roundnose grenadiehas never been validated. Savvatimskwl. (1977)
found a good agreement between age readings done
The estimates of biomass and abundance werey means of scales and otoliths, while Atkinsstn
encumbered with great uncertainty due to large variaal. (1982) found great discrepancies in the results
tions in the catches within the single stratum. Thisof the two methods. The best study was made by
made it hard to make any firm conclusions abouBergstad (1990), who found marked discrepancies
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in the results based on the two methods, when h8hinkai Maru, for assisting in sampling of data and
compared age readings based on scales and otolithsaterial. Thanks are also extended to P. Kanneworff
from the same fish. The oldest age read from scalefsom Greenland Institute of Natural Resources for
was 20 years, while the oldest age read from otolithgaluable comments on a previous version of the
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