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Spawning and nursery grounds are poorly described for the West Nordic stock of Greenland halibut
(Reinhardtius hippoglossoides) and the entire stock is assumed to originate from a common spawning ground
southwest of Iceland. Greenland halibut with hydrated eggs in their ovary were caught during a gillnet
survey in 1995 in Greenland waters. This suggests that the spawning areas for the West Nordic stock are
not limited to the previously described area southwest of Iceland. Further this paper provides information
on distribution of immature Greenland halibut in the fjords of East Greenland. The densities in Tasilaq area
suggest that this area may be part of a nursery area in the West-Nordic management unit. However, the
importance of this area to the stock is currently unknown. The results have potential implications for the
management of the West Nordic Greenland halibut as the management seems to comprise of several stocks,
or perhaps a meta-population.

© 2012 Published by Elsevier B.V.
1. Introduction

Greenland halibut (Reinhardtius hippoglossoides) are a deep water
flatfish species with a distribution covering large areas of the North-
ern Atlantic and are mainly found at depths from 200 m to 2000 m.
Despite it being the target of large international fishery, knowledge
on many aspects of its life cycle is lacking. Greenland halibut distrib-
uted around East Greenland, Iceland and Faroe Island are managed
as a single unit by ICES and are referred to as the West Nordic
Stock (ICES, 2010). This management unit has been assumed to
originate from one common spawning ground southwest of Iceland
(Magnússon, 1977). This assumption was, however, based on a
small number of observations. Adult Greenland halibut belonging to
the West Nordic management unit are found throughout the conti-
nental slopes of East Greenland from Cape Farewell to Tasilaq area
(66°N), along the ridge between East Greenland and Iceland and
along the north and east coast of Iceland. Greenland halibut also in-
habit the waters around the Faroe Islands. The densest aggregations
described so far are found just south of the Greenland–Iceland ridge
(Hjörleifsson et al., 2000). Since 2005 a small fishery has developed
further north along the slope from Irminger Ridge and northwards to-
wards Jan Mayan/Scorsbysund (Boje and Sünksen, 2008) around
68°N. Greenland halibut are believed to have a continuous distribu-
tion northwards along the continental slope along East Greenland.
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Whether the West Nordic management unit consists of a single or
several separate populations is unknown. Greenland halibut tagged in
Iceland have been recaptured on the Norwegian coast and also in the
Faroe Islands, whereas none have been recaptured in East Greenland
despite there being an extensive fishery in the area (Boje, 2002; Godø
and Haug, 1989; Sigurŏsson, 1979). This wide distribution of adult
fish and the lack of migration into East Greenland waters suggest
that spawning may also occur in other areas of the distribution area
of this management unit. The possibility that the West Nordic stock
is comprised of more than one component has implications for man-
agement because the individual stocks may differ in their productiv-
ity and management of these as a single unit can lead to an
unintended depletion of the less productive populations (Iles and
Sinclair, 1982; Ruzzante et al., 1999).

The nursery grounds for this management unit have so far not
been identified which has hampered descriptions of the stock struc-
ture. 0-group surveys in East Greenland/Irminger Sea were carried
out by Iceland, beginning in 1970 and ceased in 1998. The targets
for these surveys were cod and redfish. 0-group Greenland halibut
were present but only in low numbers (Pers. Comm. E. Hjörleifsson,
Marine Research Institute, Reykjavík, Iceland). Greenland halibut
less than 20 cm have been caught along the East Greenland coast
(between 61°30 and 65°00 N at depth mostly below 200 m) in low
numbers (Yatsu and Jørgensen, 1988). Currently, no areas in East
Greenland have been found where juvenile Greenland halibut occur
in high enough numbers to constitute a nursery area similar to that
seen in West Greenland (Boje and Hjörleifsson, 2000). Within the lit-
erature there are only a few reports of the whereabouts of newly
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settled Greenland halibut larvae in the East Greenland area. Tåning
(1936) assumed that Greenland halibut larvae settle on the bottom
in the East Greenland fjords. This was based on the account by
Jensen (1935) who reports numerous small (down to 11 cm) juve-
niles, washed upon shores in South-west Greenland. Sigurŏsson and
Magnússon (1980) reported the presence of 0-group Greenland hali-
but in East Greenland and also report an unusually elevated number
that were present in the waters of Iceland in February 1980. They
concluded that the eggs are normally transported by the current to-
wards East Greenland but in some years, depending on the strength
of the currents, the eggs and larvae may be dispersed towards Iceland.
This explains why, significant concentrations of 0-group Greenland
halibut have never been found in Icelandic waters despite the only
known Greenland halibut spawning area (previous to the current
study) in the Iceland–East Greenland area being off south-west
Iceland.

Accurate knowledge on the reproduction and recruitment is lac-
king with the West Nordic Greenland halibut stock. Combined with
the lack of knowledge regarding nursery grounds this is a hindrance
for optimised assessment and management. In an attempt to locate
potential nursery grounds and possible indications of spawning, ma-
turity and length distribution data were examined from exploratory
longline and gillnet surveys carried out in East Greenland (collabora-
tion between Møreforsking and Greenland Institute of Natural
Resources) between 1993 and 2000 and the implications for the man-
agement of this stock are considered.

2. Material and methods

Details of the surveys are summarised in Table 1. The longline sur-
veys were carried out using longline fishing gear which is commonly
used for the commercial fishing of Greenland halibut. The fishing per-
formance in East Greenland waters is affected by rough bottom and
strong currents and longlines are usually set along the continental
slope to avoid gear loss. Longlines were set within predefined depth in-
tervals; 400–600 m, 600–800 m, 800–1000 m, 1000–1200 m, 1200–
1400 m and deeper than 1400 m. In some areas such as in the fjords,
longlines were sometimes set down the slope. In such cases longlines
were labelled when crossing the limits of the above mentioned depth
intervals as observed from the echo transducer.

The Skarheim 1994 survey was carried out in five areas in the
Fjords around 65°N (Fig. 1). The Skarheim 1996 survey was carried
out in three areas 60°, 62° and 63°N (Fig. 1). The areas at 63°N cov-
ered only offshore areas whereas the areas at 60° and 62°N covered
both fjord and offshore areas. The 1997 and 2000 surveys were car-
ried out in offshore areas (Fig. 1). In the longline surveys, each setting
usually consisted of two magazines, giving a total of 2600–2800
hooks pr. setting. The catch per unit effort (CPUE) and number per
unit effort (NPUE) were calculated for each station in the longline
surveys as the weight of Greenland halibut (kg) caught per 1000
hooks and number caught per 1000 hooks respectively. The longline
gear used in these trial fisheries was expected to mainly catch
Table 1
Details of the survey in East Greenland showing the year, dates of the survey, vessel, gear typ
the depth range of the stations and the number of Greenland halibut measured/assessed dur

Year Dates Vessel Gear Area

1994 3 Aug–20 Aug Skarheim LL A–F
1995 14 Aug–27 Aug Kato Gi J and L
1995 11 Aug–27 Aug Husøy Gi J and K
1996 25 Jul–12 Aug Skarheim LL G–K
1997 19 Jul–27 Jul Loran LL J
1998 12 Aug–30 Aug Audlill Gi N–U
2000 20 Aug–30 Aug Fjellmøy LL J and M
Greenland halibut between 40 and 60 cm as shown by the use of
this gear to catch Greenland halibut in the Barents Sea (Nedreaas
et al., 1996).

In 1995 two gillnet surveys were conducted. Gillnets used were
monofilament with a mesh size of 100, 110 or 120 mm (half mesh
size), which were expected to catch fish between 50 and 80 cm as
shown by the use of this gear to catch Greenland halibut in the Ba-
rents Sea (Huse et al., 1999). These were carried out at three locations
in East Greenland (areas J, K and L) at depths between 500 and
1400 m (Fig. 1). These surveys were carried using the same gear
and close together in time so the results for these surveys were com-
bined. Each station consisted of 30 and 35 nets for the Husøy and Kato
surveys respectively. The catch was standardised to the number and
weight caught per net (Table 2).

In 1998 a gillnet survey was carried out in the South-east and
South-west Greenland (areas G, I and N–R) (Fig. 1), using finemeshed
gillnets designed to catch Greenland halibut between 10 and 40 cm
(Woll et al., 2001). Between one and seven settings were used per
station with a setting consisting of 6 gillnets which had a mesh size
of 15, 19, 25, 33, 42 and 55 mm (half mesh). These nets were set in
a line with increasing mesh size with a space of 1 m between nets.
The catch per station was standardised by dividing the number of
Greenland halibut caught by the number of settings used at that
station.

The biological sampling varied slightly between years but in all
surveys, all Greenland halibut caught were counted and measured
for length (to the nearest 1.0 cm below). The sex, total weight
(nearest 10 g) and gonad weight (nearest 1.0 g) for a sub-sample of
the catch at each station were taken. The numbers of fish caught
and sampled during each survey are summarised in Table 1.

Gonadosomatic index (GSI) was calculated as a percentage of the
total weight. A GSI of 1% was used as a threshold value for maturity
classification with a GSI>1% being classed as mature (adult) and
fish with a GSIb1% classed as immature (juvenile). This limit is used
previously by Burton (1999) for other species. Using GSI is a poor in-
dicator of the ovary developmental stage in Greenland halibut. How-
ever, it can be used as a rough guide in assessing whether a group of
fish (when caught at a similar time of the year), consists mostly of
mature fish or fish which have not begun or are at an early stage of
development (Simonsen and Gundersen, 2005). Thus, this labelling
of fish as immature or mature does not claim whether the fish will
spawn in the coming spawning season.

In 1995 and 1998 gonad stage was assessed macroscopically with
fish being classed as immature (ovaries small with no visible oocytes),
mature (oocytes>1 mm and visible to the naked eye), running (ova-
ries contained hydrated oocytes) or spent (gonads are flaccid and
bloodshot). The gonads of females which contained hydrated oocytes
were not weighed due to loss of eggs giving an inaccurate weight.

For males, the maturity stage was assessed macroscopically by
personnel on board the vessel. These were classed as either immature
(gonads are small with no milt present) or maturing (milt is present
in the gonads) or running (milt is released under light pressure). The
e (LL = longline, Gi = gillnet), areas surveyed (see Fig. 1), the number of stations (St.),
ing each survey for each parameter (L = length, W =weight, S = sex, M = maturity).

St. Depth (M) Individuals sampled

L W S M

62 56–900 2231 537 548 478
283 500–1340 7537 257 1580 254
175 570–1307 7670 356 2241 366
57 176–1518 7115 798 2882 1025
43 1157–1486 4253 857 2050 472
71 88–588 787 441 693 693
43 380–1440 4917 667 1285 246
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Fig. 1. (a) Area covered by the Greenland halibut West-Nordic management unit (see text for description) showing the direction and route of the Irminger and East Greenland cur-
rent and 200, 500 and 1500 bathymetric contours. Dashed rectangle shows area covered by panel b. (b) Location of survey areas during the longline survey in 1994 (A–F), 1996 fjord
(H and G), 1996 offshore (I–K), 1997 (J) and 2000 (J and M), the 1995 gillnet surveys (J–L) and 1998 juvenile gillnet surveys (G, I and O–S). Location of Tasilaq and 200, 500, 1000,
1500, 2000 and 2500 m depth contours are shown. Fish with hydrated eggs were caught in Area J and the highest concentration of juvenile fish was caught in Area E.
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exception was 1994 where maturity stage was assessed using GSI
with fish with a GSIb1% was classed as immature and greater than
>1% was classed as mature (Burton, 1999). The percentage of male
and female Greenland halibut which were considered mature was
calculated for 5 cm length groups for comparison between the
offshore and fjord areas for each survey.

For comparison of the mean size between fjords and offshore
areas, the results from the 1996 survey areas were compared using
Table 2
The number of Greenland halibut caught per net in each area during the 1995 Kato and
Husøy gillnet surveys. N = number of fish caught in the area, AvN = average number
caught per net, Max = number of fish caught per net at the station with the highest
catch, Min = per net at the station with the lowest catch (there were no stations
with zero catch), AvW = average weight of the catch (kg per net), T = total number
of stations in the area. Areas correspond with Fig. 1.

Area N AvN Max Min AvW T

J 28,616 3.93 9.8 0.4 19.2 230
K 654 1.56 4.3 0.4 6.4 14
L 3813 6.41 11.2 0.5 25.1 17
ANOVA (as the length data was tested for, and complied, with normal
distribution requirements) in the following combinations; 1996 sur-
vey area G with I and 1996 survey area H with J in order to exclude
possible effects of latitude on size. The mean size in 1994 (Fjord)
was compared with the mean size from 1997 (offshore) and 2000
(offshore) using ANOVA.
3. Results

There was a significant difference in the mean length between
Greenland halibut caught in the fjord and the offshore area (ANOVA;
pb0.0001) (Fig. 2) with smaller fish in the fjords. The smallest fish cau-
ght within the fjords using longlines was 24 cm but this gear caught
very few fish below 30 cm. The use of fine meshed gillnets caught fish
from 15 to 65 cm with a peak in the distribution around 35 to 40 cm
and the average size at each station was increasing with depth (Linear
regression; Average size=0.05 depth+21.05; R2=0.39; pb0.0001)
(Fig. 3). There was no significant effect of area, independent of depth,
on the average size of the Greenland halibut caught (GLM; p>0.05),
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Table 3
The percentage of Greenland halibut caught in each maturity stage during each survey
(I = immature, M = mature, R = running, S = spent) with the total number of fished
assessed (N). Only females in 1995 and 1998 had the possibility to be classed as spent
as these were assessed macroscopically (see text for details).

Survey Area Females Males

I M R S N I M R N

1994 Fjord 93 7 0 379 85 14 0 99
1995 Offshore 10 75 10 5 574 2 96 2 46
1996 Fjord 85 15 0 128 86 14 0 63
1996 Offshore 16 84 0 439 11 89 0 395
1997 Offshore 2 97 1 122 15 85 0 350
1998 Fjord/offshore 100 0 0 0 290 >99 b1 0 403
2000 Offshore 5 94 1 158 2 96 2 88
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i.e. no specific area was identified to host specific size-groups of
Greenland halibut.

The majority of the fish caught within the fjords were immature
(Table 3) and the proportion of mature fish at a given length was
higher in the offshore area than observed in the fjord areas (Figs. 4
and 5). This was true for both males and females.

The highest number of running females was observed during the
gillnet surveys in 1995, but also during the longline surveys in 1997
and 2000 running females and males were caught (Table 3). Total
length of the spawning females was between 61 and 109 cm and
the two runningmales were 65 and 68 cm. The frequency distribution
of spawning females across size classes was rather uniform (Fig. 6).
The spawning fish were all caught at depths between 1000 and
1300 m. All of the spawning fish from the gillnet surveys were caught
in area J with none being caught in area K or L (Fig. 1). It must be
noted that 230 of the 261 stations were in area J (Fig. 1). All of the
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Fig. 3. Average size of Greenland halibut at each station caught using fine meshed gill-
nets during August 1998 (Audlill survey) versus depth. Linear regression line shown.
running fish caught in the 2000 survey were caught at area J between
1250 and 1300 m (Fig. 1).

The catch rates (NPUE) of Greenland halibut differed between
fjords and offshore areas (Fig. 7), and also between fjords (Table 4).
The majority of the high catches of Greenland halibut occurred
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between 1100 and 1400 m. The NPUE at stations in the Fjords, in
shallower water, were generally lower than in the offshore area.
However, there were some high catches at several stations in the
fjords in 1994 in area B (Fig. 1a). The highest catch of Greenland hal-
ibut with the fine-meshed gillnets occurred in area P in South-west
Greenland with an average catch of 4.9 Greenland halibut per setting
(Fig. 8).
0 400 800 1200 1600

Depth (m)

0

40

N
P

U
E

 (
N

u

Fig. 7. The number caught per unit effort (NPUE) (number per 1000 hooks) versus
depth for Greenland halibut at each station during the longline surveys in East Green-
land; 1994 (fjords) (×), 1996 (offshore) (◊), 1996 fjord (♦) 1997 (Offshore) (o) and
2000 (offshore) (△).
4. Discussion

This study addresses two aspects that are important for the man-
agement of Greenland halibut in the West-Nordic management unit.
We attempt to do this using data collected during exploratory surveys
in East Greenland i.e. data which were collected without the specific
aims stated in this study. The data is thus not ideal due to the use of
different gears and that the surveys are limited to only one season
in each year. The selectivity of the different gears in the study varies
considerably and uses different principles for the capture of fish
with the most selective being the gillnets where the median size of
the fish caught will remain nearly constant for different underlying
populations.

Physical evidence of the nursery grounds of Greenland halibut in
the waters of Greenland is an important piece of information that
has been lacking. As a result of this, a good understanding of stock
structure, and distribution and movement of life stages is lacking.

From the results presented in the current study we find that young
fish are present all around the coastal area of Greenland. The fjords of
East Greenland do resemble nursery grounds having a population
composition of fish with a total length down to 26 cm. There are sev-
eral indications that lead us to our conclusion;

1) The mean size of Greenland halibut differed between the Fjords
and offshore area, and Greenland halibut as small as 15 cm were
caught within the fjords of southern Greenland.



Table 4
The NPUE (number caught per unit effort) for longline surveys in East Greenland. N =
number of fish caught in the area, AvN = average NPUE (number per 1000 hooks) of al
stations from that area Max = NPUE (number per 1000 hooks) of the station with the
highest catch, Min = NPUE (number per 1000 hooks) of the station with the lowest
catch (excluding zero catches), AvW = average CPUE (kg per 1000 hooks), n0 = the
number of stations with zero catch, T = total number of stations in the area. Areas cor-
respond with Fig. 1.

Year Area Location N AvN Max Min Av W n0 T

1994 A Fjord 31 1 4 1 1.8 6 12
B Fjord 217 11 27 1 20 0 7
C Fjord 188 4 24 1 8 6 19
D Fjord 2 0.1 1 1 8 7 8
E Fjord 1755 52 135 11 140 2 12
F Fjord 47 4 8 1 6 0 4

1996 G Fjord 163 5 14 0.36 8 1 11
H Fjord 79 3 9 0.36 7 4 11
I Offshore 5996 20 35 14 117 1 14
J Offshore 713 78 148 4 387 1 18
K Offshore 164 22 36 12 158 0 3

1997 J Offshore 4254 31 61 2 156 0 39
2000 J Offshore 4877 75 107 35 462 0 34

M Offshore 172 10 23 2 47 0 9
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2) The majority of fish caught within the fjord were immature and
also the maturity ogive shows that the percentage of fish mature
in different length classes is much lower within the fjord, than in
the offshore area.

3) The numbers of females above 80 cm or males above 65 cm caught
within the fjord were very low, above these sizes almost 100% of
the fish are generally mature (Morgan et al., 2003).

Several studies have attempted to locate the nursery areas in East
Greenland. A number of surveys using shrimp or fine meshed bottom
trawls on the outer banks of East Greenland did not report any
catches of young Greenland halibut (Sigurŏsson and Magnússon,
1980). An analysis of the by-catch of Greenland halibut in shrimp
trawl surveys was analysed by Boje and Hjörleifsson (2000) in order
to evaluate potential areas which could be nursery grounds for juve-
nile Greenland halibut. They concluded there was nowhere on the
East Greenland continental shelf in which Greenland halibut occurred
in significant numbers to constitute a nursery area similar to that seen
in West Greenland. However, it must be noted that the shrimp
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in different areas of Greenland during August 1998 (Audlill survey). Areas correspond
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surveys are not carried out within the fjords. Sigurŏsson and
Magnússon (1980) did report catches of 1 year old Greenland halibut
in Northern Iceland in 1980, but concluded that this was a rare occur-
rence and influenced by the strength of the ocean currents.
Sigurŏsson and Magnússon (1980) also mentioned that the highest
concentration of 0-group Greenland halibut is caught off Tasilaq,
which is close to the area where the highest concentrations of juve-
niles were found in the present study.

Drift models have shown that eggs spawned in Iceland are
likely to drift towards East Greenland, ending up in the shelf area
(Ådlandsvik, 2000; Stenberg, 2007). Sigurŏsson and Magnússon
(1980) also believed that the main drift of Greenland halibut larvae
would be to East Greenland. Therefore the concentration of immature
Greenland halibut found in area E during the 1994 survey may origi-
nate from Greenland halibut spawning in Icelandic waters. Due to the
high abundance of juveniles we would consider this to constitute a
nursery area, however its importance, in terms of contribution to
the adult population, in comparison to other areas around East Green-
land is unknown. Stenberg (2007) found that some of the eggs would
drift along the coast of East Greenland resulting in a continuous dis-
tribution along the coast. So there may be other areas along the
coast of East Greenland which could provide similar high densities
of immature Greenland halibut as to that observed in the 1994
survey. Further surveys around the coast of East Greenland are thus
required to get the full picture.

The average size of Greenland halibut increased with depth during
the gillnet surveys therefore smaller, younger individuals are likely to
be found at shallower depths than that fished during the survey. This
suggests a gradual movement of Greenland halibut to deeper water as
they grow, a well-known dynamic for Greenland halibut (i.e.
Gundersen et al., 2010; Jørgensen, 1997). The fine meshed gillnets
caught Greenland halibut as small as 15 cm. Catches were, however,
low with the highest catch per net being only 1.4 individuals. The
low catches of Greenland halibut are most likely to be the result of
very low catch efficiency of the nets. These nets were tested during
1999 in areas in west Greenland known to have high concentrations
of Greenland halibut, however, the catches from the nets were very
low (Boje, 2000). It is therefore difficult to assess the numbers of
juveniles present in the areas sampled.

This distribution of the young immature Greenland halibut close
to the shore and in the fjords in East and South-west Greenland is
in contrast to the distribution inWest Greenland where young Green-
land halibut are found in dense concentrations at depths of about
200 m on the continental shelf (Riget et al., 1988). In East Greenland
there are large areas of a suitable depth range for young Greenland
halibut, however, concentration of Greenland halibut in this area is
very low (Boje and Hjörleifsson, 2000). It is likely that this area is
unsuitable for other reasons such as temperature, bottom type, prey
availability or predators.

During the surveys running females were caught. These fish were
mainly caught at Kap Bille Banke (area J). During the gillnet survey in
1995, 10% of the female fish assessed for maturity were found to be
running. This indicates that Kap Bille Bank is a spawning area for
Greenland halibut, however, its importance to the stock is unknown
due to a lack of investigations into the whereabouts of other
spawning areas. The gillnet survey was carried out in three other
areas and no running females were caught indicating that these
other areas do not constitute spawning grounds at, least during the
summer.

It is a question why spawning in this area has not been discovered
previously, when a major commercial fishery occurs in this area. The
reason for this is not obvious but may simply be a lack of investiga-
tions into this matter. Scientific surveys for Greenland halibut in
East Greenland are currently limited to a single trawl survey in
September. Bottom trawling for Greenland halibut catches mainly
fish between 40 and 60 cm (Huse et al., 1999; Nedreaas et al., 1996)
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which are mostly males and immature females. Even though trawl
will catch substantial numbers of fish larger than 60 cm the propor-
tion of these fish spawning at this time year is low and so spawning
aggregations may go undetected. The commercial fishery for Green-
land halibut in Greenland is mainly in the summer and autumn, i.e.
outside of the peak spawning time so few spawning individuals will
be caught. In addition, of all the spawning females caught, the ovary
contained only hydrated oocytes; i.e. no non-hydrated oocytes, indi-
cating that Greenland halibut spawn only a single batch, a conclusion
supported by Stene et al. (1999). This means that the individuals are
in running condition for only a very short period, compared to batch
spawners, thus the probability of capture when in running condition
is lower than multiple batch spawners.

The Greenland halibut maturity cycle has been described for the
Davis Strait (Gundersen et al., 2010) and the Barents Sea (Kennedy
et al., 2011). However, the ovary cycle for the Greenland halibut pop-
ulation in East Greenland remains poorly understood. It is clear from
the present study that a small proportion of the population spawn in
the summer and a previous study has shown that there are many in-
dividuals which are close to spawning in March (Kennedy et al.,
2009). A lack of clearly defined spawning season or fish being caught
outside what is considered to be the main spawning season has been
reported for several stocks of Greenland halibut (Albert et al., 2001;
Junquera and Zamarro, 1994; Rideout et al., 1999) and is hypo-
thesised to be due to a lack of synchronicity in the timing of oogenesis
(Rideout et al., 1999). In the Barents Sea and in the Davis Strait there
is a large range in the developmental stages within a month for
Greenland halibut. As a result of this large range, individual fish will
reach full maturity at different times resulting in a prolonged
spawning season (Gundersen et al., 2010; Kennedy et al., 2011). In
combination with the spread of developmental stages and the rate
of development, it can be deduced that the individuals which were
most advanced in development would be ready to spawn around
August, with more fish progressively being ready to spawn through
to approximately May the following year (Kennedy et al., 2011).
This leads us to believe that these spawning fish caught in the present
study represent the early part of a prolonged spawning season for the
East Greenland population with increasing numbers coming to spawn
through the year.

This spawning of Greenland halibut in East Greenland waters
raises questions on the definition of West Nordic management unit.
This unit is partly based on the assumption that Greenland halibut
in all areas from East Greenland to Iceland and the Faroe Islands orig-
inate from a common spawning ground southwest of Iceland. This as-
sumption was based on a catch of 13 bathypelagic eggs and 23
ripening or ripe individuals in southwest Iceland (Magnússon,
1977). The presence of the spawning area in East Greenland along
with observations of late maturing females in the Faroe Islands
(L. H. Ofstad, Faroe Islands Fisheries Laboratory, unpublished data),
and Hatton Bank (I. Fossen, Pers. Obs.) indicates that this is unlikely
to be true. A tagging experiment carried out in Iceland between
1971 and 1978 resulted in no Greenland halibut recaptured in East
Greenland despite there being a major fishery in this area between
1971 and 1975 (Sigurŏsson, 1979). These observations make the dis-
entangling of the West Nordic stock difficult, together with the fact
that the nursery grounds of the Icelandic component may be present
in East Greenland and possibly overlap with the nursery grounds of
fish spawning in East Greenland.

Recent studies have shown that a proportion of Greenland halibut
tagged in Svalbard area (Barents Sea) has been recaptured in Icelan-
dic waters (Unpublished data, Pers. Comm. O.T. Albert, Institute of
Marine Research, Norway) — a fact that complicates stock perception
and life history distribution of Greenland halibut and the associated
management of the resource. Further studies related to the geograph-
ic distribution and life stages of the species are therefore required in
order to ensure a sustainable harvest.
Questions one must ask are:

- If there is an overlap in nursery areas?
- Do the juveniles recruit exclusively to their natal populations?
- Will they recruit to the closest population?

Knutsen et al. (2007) showed evidence that the drift of eggs and
larvae with the ocean currents mediates gene flow between
populations of Greenland halibut, supporting the theory that juve-
niles will recruit to non-natal populations. It has also been shown
that fish tagged at likely nursery areas in South-west and East Green-
land have been re-captured in Icelandic waters. However, these fish
may have been returning to their natal population. These were, how-
ever, only a very small fraction of the recaptures with the majority
being recaptured in the release area (Boje, 2002; Smidt, 1969).

From our results we can see that the structure of the West Nordic
management unit may comprise a complicated biological structure
with eventual subpopulations and migrations over the borders. Our
results do demonstrate that the hypothesis that the stock originates
from a single spawning area in Iceland is likely to be inaccurate. At
present, the stock is considered low with a cease in the fishery rec-
ommended by ICES (ICES, 2011). This puts an emphasis on the need
to increase the biological knowledge on the stock structure of this
west-Nordic management unit. Due to the prevailing egg and larval
drift pattern it is likely that there is some connection between the
units within the stock complex (Knutsen et al., 2007; Stenberg,
2007) and they may form a meta-population rather than discrete
stocks (Smedbol and Wroblewski, 2002). Local depletions may likely
occur as long distance migration between areas is not a common be-
haviour for Greenland halibut (Boje, 2002). Present stock assessment
indicates that the stock status in the different areas of the West Nor-
dic stock varies considerably thus suggesting that local depletions or
local dynamics may be prevailing for this stock (ICES, 2011). This phe-
nomenon should be taken into account when managing the fisheries
for Greenland halibut, i.e. by area regulations that prevent a dispro-
portional exploitation of the stock. Further work to attempt to under-
stand the stock structure of this West Nordic unit is thus considered
essential for effective and sustainable management of this unit.
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