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ABSTRACT

fhia paper provides information on the fishery and biclogy of Greenland
halibut in West Greenland waters. The blologlcal aspects are discusssd
mainly 1in relation to the daescription of the lifecyclie given by Jensen
{1935) and Smidt (1969).

The fishery ie in an ilncraasing phasa at West Greenland and the total
catch of Greanland halibut by Greenland was about 9000 ¢t in 1986, The
amain part of the catch 1a taken in the inshore aresa of NAFQ Div. 1A and
te concentrated primarily to limited locallties in or near deep fiocrds.
The gears used are gillnets and 1longlines. Size composlition of the
catches in 1986 and 1987 shows great diffsrence bhestween the moat
important arsas. ’ '

Drift of Greenland halibut larvae 1s discussed on the basia of tha
knowlelge of the distrlbution of pelagic larvae and young bottom stages
and of the current pattarn in the area. Although the main drift pattecn
seems to be frem the spavwning area in the Davia Strait to the West
Greenland area, it alsc seems likely that larvae drift Ffrom the East
Greenland/Iceland araa to the southern part of Weat Greenland. Whan
growing up the Greenland halibut migrates to deeper water both in the
fiords and on the continental slope in thes Davis Strait. Msan length at
age based on commercial Bamplas indicates a linpnear growtp prattarn for
the age groups involved. Differences in mean langths at age were found
betwesn districts, but not between sexes. Tagging experiments show, that
the atorks 1n the fiords may be considared as atationary aa only two
long diastance migration have been racorded. Analysis of the ratio of
males to females shows the proportion of females as generally balng the
highest. Some differences in sex ratio between the districtes wers seen.
Very few Greenland halibut caught tn the €iords have mature gonads.
Basad on these maturity obeervations, the non-migration of the stocks
and the temperature conditione in the Eiqrda, the authors praopoae, that
most Greenland halibut in the flords are stationary and do not devalop
mature gonads.

INTRODUCTION

Greanland halibut (Reinhardtius hippoglussoides Walb.) is widely

" distributed in the Northwest Atlantic. In the West Greenland area 1t 1s

tairly common aloang the coast - easpacially in the deep fiocrds. It has
been caught as far north as Smith Sound (78°N lat.) as reported by Smidt
(1969). 1In the East Greenland fiorde it 1is common as far north as
Ammassalik. '
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Little is known about the life of Greenland halibut in Weat Gresnland
waters, Smidt (1969) made an extensive description of the Knowledge of
the biclogy of Greenland halibut thera. Spawning seems to take place in
spring in the deep water south of the submarine ridge betwsen Gresnland
and Baffin Island at about 67°N lat. {Jensen, 1935 and Swmidt, 1969). The
larvas are spreadt by the currants along tha weat ccast of Gcaeniand and
the nocrthern part of the Davis Strait. The larvae seek the bottom on
nurgery grounds in the autumn, afterwards the young fish migrate to
deoapar water and into the fiords, where they grow up. When reaching
maturity the fish are assumed t¢o migrate to the Davis Stralt to spawn
and re-immigrate to the West Greenland fiords after spawning.

Since the description by Smidt {1969} little work has heen done on
Greenland halibut in West Greenland waters. However, in the later ysars
there has been a growlng interest of the rescurcea of the Greesnland
halibut and investigations of the exploitation and bialogy of thls fiash
specles have been initiated.

This paper glves a description of the fishery of Graeﬁland halibut at
West Greenland and some of the reasearch results In later years,
Different biological toplics are selected and discussed mainly in
relation to the work dene by Smidt (1969), A discussion of tha Lifecycle
of Greenland halibut in the weat Graenland arza la presentad.

THE FISHERY FOR GREENLAND HALIBUT

Trends in catches

The fishery £for Greenland halibut 1is in an increasing phase at West
Greenland and at the same tlme the structure of the fishery has changed
toward a more directed fishery.

In Fig. 1 are shown annual catches of Greenland halibut in NAFO Subarcea
1 from 1964 to 1986 as taken by Greenland and “other nations”
respéctively aa raported to ICNAF/NAFQO Stat. Bull. The catches by other

nations fluctuwate during the period showing two marked peaks, In 1975

catches peaked at 20,000 t mainly as a result of USSR catchas in
offshore areas in Div. 1C, In 197é catches ware 13.000 t taken malnly by
the Fedaral Republic of Germany. However, the latter wmay be an
overestimate of the actual catchass (Hocrsted, 1980). Since 1980 the
fishery by foreign naticns has been negligibie. The fighery by Greenland
has increased étepwtse from about 2.500 t in 1964 to about 9,000 t 1in
f986 with some fluctuations over the period.

The annual c¢atches taken by Greznland since 1964 are broken down by
divisions Iin Fig. 2 and Table 1. Since 1975 the catches have been taken
mainly £in Div,. 1A, and from 1983 catchag have increased relatlvel} much
in this division from 2.700 t to 6.500 t in 1986. As seen in Fig.3, the
main part of landings in Div. 1A are received at Jakobshavn, Umanak,
Ikerasak and Proven.

The fishary for Greenland halibut presently extends further northwards
in the area and preliminary data ter 1987 indicate that catches in
Umanak and Upernavik will increase further. :

Catches of Greenland halibut in Divislon 1B-iF have varied at a level
about 2,000 t since 1972, In the period 1974-78 catches in Div, tB
pradominates, the fishery taking place in Amerdloqg Fiord just socuth of
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Holrtalnaborg. This. fishery decreased inA1980/81, and Division 1D hanm
dominated since than with the whole catch taken in the Godthib Flord.

The Greenland fishery

Greenland halibut are mainly taken by gitllnet and longline. Llonglina
fishery from small boats has been the traditional fishery, but moce
recently gillnet have beccme popular. The fishing 'locallties are often
very rcesticted areaa {n the deepast and the lanermost part of filords,
which often are icefiords.

In Jakobshavn, which is the most important place for the fishery, both a
longline and a gillﬁe: fishery take place. The fishing localities are
the two iceflords Jakobshavn Iceficrd and Torssukatak. - Longlines fishery
is mainly carried out from dog sledges in winter when Jakobshavn
Icefiord 18 covered by ice. Typlcally longlines with 100-200 hooks are
used at depths of 200-800 m in the lcefiord. Gillnet flehery is carried
out in summer from emall boata just outside Jakobshavn Iceficrd- and {in
Torssukatak. In 1986 the gillnet fishery acccocunted for about BO% of tha
tatal annual catch {further deecription of the fishary in Jakobshavn 1is
glven in Boje & Riget, 1937 and Nellemann, 1561). Gillnet and longline
catches from 1987, which are balieved to be typlcal for the more racant
fishery, are shown in Fig. 4b and ¢, The two length dilatribution are
vacy different. The gillnet catch covars & narrow length intecval arcund
55-70 cm, whereae the longline catch covars a broad length intarval from
50 cm to more than 100 cm. Howavaer, the two samples are from different
localities; the longlline is catch from the Ilcetiord (dapths 200-800 m)
and the gillnet ls catch from outslide tha fiord (depths of 300 m).

In Umanak district the fishery is more scattered in the area batwesn
Nussuag Peninsula and Svartenhuk Paninsula (Fig. 3) and is carried out
with both longlines and glllnets. Gillnets wére introduced newiy in thise
araa and be increasing. Both gears are used throughout the year, from
dog sledges in winter and from small boats in suomer. Catches from
gillnet and 1longline fishery in Umanak in 1987 (Fig. 44 and e} have a
much more uniform length distribution; both coverlng a broad length
range and have common peaks at 70-79 cm. This might be explained by the
fact that the fishing grounds are the same for the two types of fishery.
Compared to the othaer gillnet catches presented the blgger naize of flsh
in glllnet catches from Umanak, might be caused by gear selection am
largar mesh size 13 used in gillnet In Umanak district.

Further north, in Upernavik district, only longline fishery takes plnée
mainly from small boats. During the most recent years an attempt haé
been made to develop the longline fishery further {n the area, Catch
compositions. are shown for the southern and the northern part of the
district (Fig. 4f and g). The sample from the southern part of the
district ie diatributed with a peak at 70-74 cm while the distribation

of the wsample from the northern pacrt is more uniform with no diatinct
peaks.

In Godthdb Fiord only gillnets are used vyearround from small boata whan
tce conditions allow sailing. The fighery takea place in the deep parta
of the flord, azound 600 m of depth, The affort of the fishery changea
within the year according to the prospects of other fisharles that are
more economically attractive to the fiashermen {(1.e. cod-, acallop- or
shrimp fishery). A glllnet catch 1is wshown in Fig,. 4a. The Length
dietribution 1a very narrow, 50-80 cm, peaking at the length group 60-64
cm. The ftahery ian tha fiord has showed great fluctuations during the



lateat decades, and according to information from tishermen in thas area,
mean size of fish has decreased during this period.

RECRUITMENT TO THE WEST GREENLAND AREA

The spawning area of Greenland halibut is south of the aubmarine ridge
between Greenland and Baffin Island at about 67°N lat. (Jensen, 1935).
Spawning occurs in epring in the deep warm water scuth of tha ridgs
where temperatures are between 3 and 4°C at about 1000 m depth. The egge
and tiny larvae are bathypelagic but later the larvaa rise towards the
surface and live pelagically {Jenaen, 1935}, Tha larvae are beliasved to
be carried by currents to the West Greenland area, where thay settle.

Distributlon of pelagic larvae

Since Jensen (1935) and Smidt (1969) described the distributien of
palagic larvae 1in the Greenland area no new data have becomeo avaible.
Fig. 4 showa the distribution of pelaglc larvae summarized from several
axpedltioga, of which "NORWESTLANT" in 1963 is the most importhnt. In
tha West Greenland area the danseat occurrence la betwsan 62°30°N and 66°
15°N lat. 1In the East Greenland-Iceland area and off the sontharnmost
part of West Greenland the number of larvae are secarce only. However, it
should be menticoned that pelagic larvae waere c¢aught in couth Weast
Greenland in the "Godthib" expeditfon in 1928 (Jansen, 1935).

However, dquantitative comparisons between the West Greenland and East
Greanland areas are difficult because the average lenght of larvae in
the samples f{n the NORWESTLANT survey waa much greater in the East
Greanland-Iceland area (48 mm) than in the West Greenland area (27 mm)
[same year and month ) indicating different spawning time in the two
araas, Thias implles that the reduction in numbera due to natural
mortality has worked an a longear time in the East Greenland-Icaland acea
compared to the West Gresnland area,. Alao compared to the main Weat
Gresnland area the catchabllity of larvae has presumably been lower |In
the FEast Greanland~Iceland area and 1n the southernmost Wesat Greenland
area due to a highar abllity of gear avoidance of largar larvae.

Distribution of young bottom stages

The pelaglc larvae chang to the bottom stage at a length of about 70 aom
{Jenaen 1935 Smidt 1969 and Riget & Boje 1987b). Knowladge of the
distribution of young bottom stages darives mainly from shrimp research
trawl surveya carried out by the Greenland Flsherles and Environment
Reaaa:ch Institute during 1964-84 and €from stratified-random bottom-
trawl surveys carried out by the Federal Republic of Germany alnce 1982,

An analysis of the distribution and abundance of the young Greenland
halibut (Riget & Boje, 1987b) showa, that the main area of dlatrtbuttqn
is tha offshore areas north of 68°N lat. and the Dlsko Bay (Fig.6}. 1In
tha more asouthernly offshore area young Greenland halibut have only been
found in emall npnumbers but with the abundance increasing towards the
north. However, high abuandance is found in coastal areas in the southarn
part of West Greanland, e.qg. near Holsteineborg, south of Godthib and to
soma axtent lnshore at Julianehdb district. This finding ias somewhat In
diacrepancy with the relative acarcity of pelaglc larvae 1ln the samples
from the southernmost part of West Greenland.




To understand the drift of Greenland halibut in the West Greenland area
1t 18 neceasary to look at the hydrography and the cutrent pattern in
the area. The East Greenland current carries large amounts of cold,

ralatively fresh water as well as great quantitiesa of polar ice

" gsouthward along the east coast of Greenland. In the area betwesn

Greenland and Iceland the Fast Greenland Current meets the warm, wsaline
Irminger Current which is a side branch of the North Atlantic Current,
Fig. 7. The tﬁo currents flow southward under intense mixing, rounds
Cape Farswell and continues northward along the coast of Weat Gresnland,
now known as the West Greenland Current,

Due to the temperature/salinty characteristics and the action of the
Corlolis force the East Greesnland current compeonent is situated nearest
to the coast, Flg. 7.

The intensity of the two current compenants shows distinct seasonal
variations (Buch, 1984). In the West Greenland area the East Gresnland
Current component Jincreasea in intensity during spring and attains {ts
maxigum intensity ln late June -~ early July. Thereaftar the flow
decreases rapidly to almost nll 1n August. During the most intense’
period the East Greenland polar water dominates the 50-250 m dapth
interval and reaches as far north as the araa betwean Godchib and
Sukkartoppen, whereaftar it turns wast and joins the Labrador Currcant.
The Irminger Current component has a relatively low intensity during the
Elrast half part of the year, and during this period it im found at the
West Greenland flshing banks &t a depth betwaen 300-600 m, In August the
intensity tends to increase and maximum inflow occurs during November-
December 1in which pericd the current dominates the 100-500 m depth
interval. In addition to the seasonal variation of the hydrographical
parameters great Ilnterannual varlations do ocgur, which is thoroughly
described by Buch (1984) and Buch & Stein (1987).

Drift of larvaa

Whan comparing the distribution of pelaglc larvae as shown Iin Fig. 5 and
the maln area of young bottom Stages in Fig. & with the current pattecn
in the area {Fig. 7} it aes&s reasonable to propose a drift of larvae
from the assumed spawning area in the Davis Strait., However, according
to the gensral current pattern, pelagic larvas from the Davis Stralt
area should have difficulty in reaching the coast 1in the aouthétnmoat
pact of Wesat Greeniand, because the current here 1is dcominated by the
East Greenland/Irmingar Cucrrent derlving from the East Greenland area.
Therafore, thas young Gresnland halibut in coastﬁl areas in southarn West
Greenland may not be derived from the'Davis Stralt acsa.

In O-group fish surveye carriad  out by Iceland annually since 1970,
O-group Greenland halibut are observed mainly along the shelf region off
East Greenland ' (Fig. 8}, The surveys have been carried out mainly in
August, and mean lengths In the different years range betwaen 51,8 mm
and 67.6 mm ({Sigurdseson & Magnusson, 1980, Vilhjalmsson & Magnusson
1982, 83, 84, 85). In some ysars O-group Greenland halibut are quite
numerous, but there are great variations in the ysarly abundance. In
view of the currsant pattern in the area it 18 quite poseible that young
Greesnland halibut to somée extent are carrciad by the Eaat
Greenland/Irminger Current to the southern West Greanland area. Such a
larvae/young filsh drift has been argumented for beth haddock and cod
{Buch & Hansen, 1986 and Hovgird & Mesatorf, 1987).



SIZE DISTRIBUTION

Size distribution. of Greenland halibut at dJdifferent areas in West
Greenland wae derived from several catch data, where differant . gears
have been used. Therefore, it 1is difficult to conpare the length
distributions obtained, but it would glive a genaral ilmpression of the
migration pattern in the area.

The inshore arsa near Holsteinshorg and the Inshora area south of
Godthdb are two of tha known nursecy grounds for young Greenland
halibut. Fig., 9a shows the length distribution from ragsacch ahrimp
trawlings 1n thease areas (mesh silze in the codend te 18 to 2% mm). There
is a prononnced dominance of smali sizes of Greenland hatibut
representing the youngest yearclasses ( 1 and 2 yvears old).

When growing up the Greenland halibut migratés to deaper water and into
tha fiords. Thia has been shown for several areas by Smidt (1969}, seae
Flg. 9b. The blggest fishes are found in the innermost and deeﬁaat part
of the fiordse, where the commercial fishery takes place.

From the banks and the continental 8lope very feaw data are available.
Fig. 9c¢,d,e shows three slze distcributions from different data socurces.
One 1s the atratified-random bottom trawl surveys in 1982 and 1984
carriad out by the Federal Republic of Germany. These surveys included
the West Greenland shelf outside the 3-mile base 1line and the
continental aslope down tB 600 m depth extending from 67°N lat. southward
to Cape Farewell. Mesh size 1in the codend was 30 mm., The dominant
lengtha in these surveye are from 15 to 40 cm (Flg. 9¢). In July 1974
the Danigh research vessel "Dana" trawled at depths betwesn 700 andliooo
m on the contlnental elopes at 64-67°N lat., 55-58°W long. Tha mesh sizs
used waa 80 mm. Fig, 9d shows the length distribution of the catches of
Greenland hallbut. The dominating length groups in thesse trawl catches
ere from 40 cm to 70 cm. The USSR research vessal "Artemlida® in Oktober
1973 made a serie of trawl haula alang the =socuthern slope of the
Greenland-Canada ridge at 64°30°N8 1at, 58'30°W long. at depths from 620
m to 640 m (Konstantinov & Noskov, 1974}, The length distribution from
thaaé travlings can be seen In Fig., %e, and the dominating length groups
are 45 cm to 92 cm.

To be judged from the length distributions presented, there seems to be
4 migration from the nursery grounde to the deeper water tn the florde
and also probably to the continental siope and the deeper parts of the
Davis Stralt.

MEAN LENGHT AT AGE

From the West Greenland area age determination of Greenland halibut has
bean done previously by Smidt (1969), who also presentsd a growth curve.
0f 1902 otoliths examined only 26% were characterized as readable (vary
few otollths from fieh oldar than 12 yeaars could be read). In the last
Years age detarmination of Greenland halibut has been resumed from
samples from the commercial fishery. The data presented here are based
on samples from the commercial fishery in 1985 and 1986. Therefore only

age grcoups occurring in the commercial fishery are covared.
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Only the left otolith was used in age reading. The otolithe are placed
in a solution of alcohol and glycerin and axamined in transparent light
under a microscope. Age detarmination of Greenland halibut is atill in a
stage of devalopment and the <results must therefore be regarded as
preliminary. ‘ '

Mean length at age

Mean length at ags from fou} districts at West Greenland is shown in
Fig. 10. Use of commercial samples may bias the curves due te ointmun
landing seize and gear selaction. Therefore the growth curvas do not
tnclude the youngest age group. In Jakobahavn, Umanak and in Godthib
Flord fish ae small asg 50 ¢cm are landed while in Upernavik only fish
bigger than about 60 cp acre landed.

The mean length at age found in thia study ia generally smaller than
that found by Soidt (1969) in a survay covering whole Weat Greeni&nd.
The mean léngth at the age of 10 vears 48 71 cm 1in the growth curve
given by Smidt, while the mean langth at the same age in the prssent
study ranges bstween 58.7 cm and €5.0 em.

Growth eeems to be quite linear, at least untit the highest _ages are
reachad. Similar conclusions have been raeached in Canadian Atlantic

waters (Bowering, 1978} and 1n the coastal waters of wastern Spitzbergen
{Haug & Gulliksen, 1982).

Mean langth at age sesms to be higher in Jakobshavn and Umanak than in
Upernavik distcict and in Gedthdb Fiord, In Canadian Atlantic waters
there appears to be a general increase in average size at age froa north
to south {Bowering, 1978, 1983). This alsec seema to ba the case ln the
West Greenland area, when comparing the curves from Upernavik, Umanak
and Jakobehavn districts. Howaver, the results from Godthidb Fiord with
lower mean length at age do not fit inte this pattern. The stock in
Godthdb Fiord i{s in a poor state of condition as compared to other
atocks at West Greenland (Smidt, 1969); this could be the reason for the
observad lower mean length at aga.

The mean langth at age by sex for two samples from the commercial
fiehery in the Godthdb Fiord in 1986 is shown in Fig. 11, There seems to
be no significant difference 1in growth rates between the two sexas,
Bowering (1983) showad ﬁ difference in growth rate between the two saxes
in Canadian watera, but the difference ln mean size at age could not be
aeen before an aga of B-12 years. Although the data are sparse, they may
indicate that the stocks In the Godthdb Flord are composed of immature
fieh.

THE STOCKS IN THE FIORDS

Tagging experiments

In Table 2 are summarlized the results of the tagging experiments in the
Weet Greenland area. A total of 3515 Greenland halibut cauwght by
iongllines and a total of 909 caught by trawl have been tagged. The

tagging has been done ian the inshora area.

From the tagging experiments from 1longlines catches a total of 574
{(16.3%) recaptures and from those of trawl catches a total of 28 (3.2%)



'rocapturea wera raported by the end of 1986. The time spant in the =mea
from time of tagging to the time of recapture varlies from leas than 1

year to 16 years. About 88% of the recapturea were taken within the
first thrae years after tagging.

With the excaption of three apacimens all recaptures of knowa location
were made lass than 50 miles from the tagging place. Two of tha migrants
vers from a tagging expariment in Lichtenauw Fiord in August 1954. One
epacimen was racaptured at Narssaq in June 1955 { a distanca of about 60
ailea} and the other was recaptucred in June 1959 nocthwest of Iceland
(66°30°N 1at. 25°20°W long.), & distance of about 900 n. milee. The
third migrant was tagged in September 1964 at the inner part of Godthib
Flord (45 cm) and was recaptured in Septembar 1980 by a German trawlaer
weat of Dohrn Bank (65° 28”N lat, 30°20°W long.), a distance of about 900
n, miles.

Soms considarations of a re-immigration of Greenland halibut to the
fiorde after spawning In the Davie Stralt have been made by Smidt (1969)
based o©on the tagging experiments in Jakobshavn 1935-36 and Lichtenau
Flord 1937-39, In these two expariment there was a rise in numbers of
racaptures between year 3 and year 4 after the tagging {Table 2). This
was {interprated as a retucn of fieh from the spawning area, However, the
numbers of recaptures in these years of the experimenta are very small
and no  adjustment to vartation‘ in fishing effort haa been uwade.
Furthermore a the rather large tagging expariment which was carcied out
in Godthid Fiord in 1968-71 and no rise in numbers of recapturas was
saen between year 3 and year 4 {Table 2},

The spawning migration to the Davis Stralt as proposed bs Smidt (1969)
and Jensen (1935) has never been confirmed by tagging expeciments at
Weat Greenland. This could be due to a lack of fishing affort 1Iin the
Davia Strait, However, 1in 13975 there was a conslderable fishery for
Graenland halibut in the offahore area at Wast Greenland with USSR
vesgels catching 20.000 t in Diw. 1C. Thia was only few yeacs after the
rathar large tagging experiment in Godthab Fiord and no recaptures havae
baen reported from this fishery. ’

Ratlo of males to femaleas.

Frevious lnveatigatliona have shown that the ratio of males to females of

1

Grasanland hatibut 1Iin the fiords at West Greenland isg unequal, the

proportlion of females generaily heing the highest (Jensen, 19353 and
Smidt, 1969). The predominance of females was observed only amcng fish
longar than 60 cm; below this size the ratio was egual. From 60 cm to 90
cm the male frequencies decreasad steadily from 50% to nil. No males
longer than 90 ¢m have been reported at West Greenland, while females
longer than 100 cm are not unusual. '

Theae findings are confirmed by investigatlons in Godthdb Fiord (Div,

10}, Jakobshavn, Umanakx and Uparnavik districta {all Div. 1A} carclied
out by the Greenland Fiesheries and Environment Research Institute in
1985-87 (Table 3 and Fig. 12 }: Generally, females are atatistically
more abundant from langths at 55 c¢m (binomial test, p<0.05) and
reprasents all fieh At leangthas above 85 cm. Within the different
distreicts the laagth at which famals dominance atacrts differas

insignificantly, regarding both time of the year {month 1-6 vs. month
T—\i) and choice of gear {gillnet va. 1longline).. When looking at tepale
frequencies as total for each dietrict there is an 1lncrease 1in lenght
where tnegvality of sex frequencles flrst appears from Godthib Fiord to




Umanak district. 1In Godthib fiord the predoninance of temaleas bagins at
50 cm, in Jakobshavn at 65 cm, ;n Umanak at 70 cm. Upernavik does not
£fit into this pattecrn, having a predominance of females from lengths of

about 55 cm.

Length distributions of Greenland halibut males and females caught
during eurveys carried out by Canada (Bowaring 1987, Atkinason et al,
1982) and USSR {(Zilanov 1976, Chumakov et al. 3987. Konstantinov and
Hoskov 1974) in the Davis Strait in the perlod from Auguat to December,
genarally show that no males above 80 cm are caught and that femalas
predominate from lengths of about 68 cm. Furtharmore tha fraction of
males in the length interval 60 - B0 ¢cm constitutes a negligible part of
the total number of males. ’

Smidt (1969) interpreted the ratio of males to females observad la Weat
Greentand flords as a conseguance of a spawning migfatlon»of the malas
to the Davis Stralt at an younger age than females, On the background of
this he assumed that males and femalea bscome mature at a length of
about 60 cm and of 70 - BO cm, redpactively.

Although the above mentioned surveys {n the Davie Strait took blaco in
the aesumed prespawalng period, malas above 50 cm in length are not
rapregented in Buch a proportion 80 as to explain the lack of thase
length groupe In the flords of West Greenland., Therefore if the mals
Greanland halibut from West Greaenland have migrated to the Davis Strait,
it pust be assumed that they have gone to depths not covered sithar by
surveys or commercial fiashery.

Obgervations on mature Greenland halibut from coastal and fiord areag of
Wast Greenland are aparsa. Smidt (1969} summarizes observations from the
period 1908 to 1960, during which only 7 specimens of Greenland halibut
with ripening sperm or eggs were observed (matucity stags V). The month
of tha obaserved matutify stage V varles from March to August. Morsover
ssveral spent females ware observed in March in Godthdb Filord, while
saveral apent females in Julianehdb Flord (Div. 1F) weres ocbgerved in
May.

Data from West Greenland on eaexual maturity of Greenland halibut “from
1960 until today are sgparse due to a very restricted effort in thia
fiaeld. The only deta available ara from March 1987 samplad in Jakobshavn
and Umanak districts by the Greenland Fisheries and Envivonmant Research
Inatitute.

Fig. 13 and Table 5 shows the proportions of maturity astages of males
from Umanak and femalea from Jakobshavn and Umanak. Only 2 nearly
ripening females (atage IV) were observed with langthes of 76 cm and 87
cm, while several males were observed with ripening sparm {(stage IV/V).’

For both sexas maturity generally increases with increasing 1eﬁgth of
the fish. For females maturity stage I seems to predominate in lengths
up to 60-65 cm, stage II from 60-65 cm to 85-90 cm and stage III from
85-90 ¢m and up. No clear relationship between maturity and length of
fiah seews to occur for the stages IV and VI, the few obsarvations taken
into account. For maleas only dilstinction betwean wmaturity stage I
{juvenile or immature} and stage IV/V (nearly or with ripening sperm) is.
mada. As well as for females, thera ls a relationship betwesn length and
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stage of maturity. The proportion of males with ripening sperm increaseas
from 0% Ln fish with langth up to 55 cm, to a level rouad- 15% at length
70-80 cm, and 50% for fish above 80 cm.

Suidt (1969) concluded from investigatione of distrlbution of eggs and

pelagic larvae and on adult Eish in the ftords that spawning in fiorda
can only be negligible. The temperatures in the assumed spawning area in
tha Davis Stralt are 3-4°C (Smidt, 1969 and Templemann, 1973) and in the
spawning area for the Icelandic stock west of Iceland 4-5"C (Sigurdsson,
1979). It therefore saema, that Greenland halibut reguiras tempecatures
of 3-4°C to develop mature gonads, The bottom layers of the West
Gresnland Elords reaches thelr maximum temparatuces in November-December
due to inflow of warm Irminger water with maximum values around 3°C. Tha
temperaturese are guickly reduced again due to vertical convection of
wintercooled surface watar (pera. comm. E. Buch}. '

Smidt (1969} assumed that the variation of observationes of stage V/VI
within the <time of the year waa due to the prasence of first time
spawneras and eecond time/clder spawnars. He also asaumed that all the
spant fish had re-immigrated into the fiocrds from the spawning area in
the Davis Stralt.

Howaever, another interpretation ¢of the observations could he that most
females of Greenland halibut ln the West Greenland fiords do not desvelop
further than to maturity stage II and then posslbly reabsorbh thelr
sexproducts duting the aummer, 1leaving only a minor part of the figh to
davelop into maturity astage V and Jlater sapawning. The work onn the
reproduction of Greenland hallbut in the Wast Greenland area 1s in an
lnitial phaes and further work needs to be done.

CONCLUSION

The Gresnland halibut fishery ia in a dAaveloping phase, with rapildly
increasing catches, It ls carried out as a longline and/or a gillnet
fishery mostly from small vessels. The fiahery 1la concentrated mainly in
or naar deep flords and 13 hlghly dependent on weathar and ice
conditione. The Euture extandtion of the fishery seems to be in the more
northerly areaa.

on tha baais of investigations from 1930 to 1968 Smidt (1969} discussed
the bilology and pattern of distribution of Greenland halibut. Ha
concluded that Greenland halibut in the fiorda and coastal areas of West
Greanland originate from a spawning area in the deeper watars of the
Davis Strait south of the submarine ridge at 67° N lat. After young
Greanland halibut reach the fiords, they are stationary while growing up
untll becoming mature. At that time the Greenland halibut migrate to the
spawning 9groundsa in the Davis Stralt returning each postspawnling pertiod
to the West Greenland fiords,.

However, another interpretation of the 1ifacycle of Greenland halibut
seans more reasonable in the light of more recent investigations,

Analyesas of the distribution of young Greenland halibut show a rather
lacrge abundance in sBome of the coastal areas in the southern part of
West Greenland and in the the main distribution aresa north of 68 N lat.
a8 well. With the knowledge of the current pattern in the area in wmind,
it aeema likely that there 1s some influx of Greenland halibut lacvae to
the West Greanland area from the East Greenland/Iceland atea. The axtent
and importance of this Lnflux i3 not known. Tagglng experiments also
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ahow at least some connection betwean southern West Gre.nlandrntockn and
the Fast Greenland/ Icaland astacks.

Difference ln length frequency distributions indicates that when growing
up a part of the Greenland halibut population seeks the deeper parts of
the fiords at Weat Greenland (Smidt 1969, Boje & Riget 1987). Not much
attention has baeaen paid te Greentand halibut on the West Gresnland
continental slope, but the scarce data available tindicate that a
migration also may occur down the continental slope to tha deepsr part
of the Davis Strait. The extant of such a migration is unknown partly
due to a lLack of a commercial fishery in tha area. A slopeward migration
pattern 1a found both in the Canadian area {Bowering, 1984} and fn the
Svalbard‘ area (God¢ & Haug, 1987).

The rasults Oof the tagglng experiments do not support on a apawning
migration out of tha fiords to the Davia Strait. ¥or ie there convincing
data of a re-lamigration to the fiorde after apawning. The only esxamples

of long distance migration were two fish tagged in the southern Weat
Greenland and recaptured in the East Greenland/Iceland area. However,
the lack of recapturea outaide the tagging places can to some sxtsnt be
explalned by the lack of commerclal fishery for Greenland halibut
outside the fiords.

The females dominance from lengthe above 55 cm may indicate that males
migrate to the Davis Strait at a smaller size (younger age} than femals
do. However, 1In surveys carried out in the Davie Strait wales are not
represented in such a proportion among the larger fish as cone would have
axpected.

Few Greasnland hallbut caught in the flords at West Greenland are found
with ripening gonads. Thersfore Greenland halibut does probably not
spawn tc¢ a significant degree in the florde at West Greanland.

It l& not possible to conclude whether the stocks in the West Greenland
fiords are stationary or 1if they a=sigrate to the Davia Strait for
spawning. However, 1in the authors” view the most simple interpretation
of the existing data is, that the stocks in the West Greenland fiords
may be regarded ag malnly atatlonary and do not participating in the
spawning in the Davis Stralt.
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Table 1. Catch of Greenland halibut (in tons) by Greenland in Subarea 1,

by year and Diviaion {from NAFQ Stat. Bull.)}.,

- Divisions =~ _
l
Year |__.1a 18 1c 1b__ 1E 1F NK Total
| :

1964 | 1259 172 82 1006 66 103 0 2688
1965 | 1416 893 136 413 54 133 0 3045
1966 [ 1118 598 145 458 79 175 0 2573
1967 | 889 512 148 134 55 86 0 1834
1968 o747 432 80 206 34 69 0 1568
1969 | 628 344 28 329 128 22 0 1477
1970 33 195 41 185 65 18 17 1212
1971 | s20 236 29 288 s 34 17 1159
1972 | e04 492 92 614 57 79 1012 2950
1973 | 1382 801 55 1013 254 150 0 3655
1974 | 173t s 123 735 251 99 0 4054
1975 | 1651 1057 198 384 86 60 0 3436
1976 | 2556 607 47 206 91 39 e 3546
1977 | 3821 1189 166 583 134 217 0 6110
1978 | 3795 1182 179 603 121 105 0 5985
1979 | 3036 1275 292 541 34 95 0 5273
1980 | 3448 622 3 718 3 105 0 5355
1981 I 3a30 375 196 711 389 254 0 5755
1982 | 3167 330 61 815 386  63a 0 5397
1983 | 2738 82 55 567 414 280 0 4136
1984 | 4010 423 109 963 511 459 34 6509
1985 [ 5491 195 77 2138 284 770 0 8955
1996 | &481 89 24 1180 565 362 4 8705
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Table 2. Rasults of the tagging experiments of Greenland halibut Iin
e e een e e
the West Greenland area.
Laoallty Tagglng Year Gaar Numbsrs Recaptucres (numbars and %) kn calandac yaaras altwr tagging yaar
and month taggad Tetal
8 11 133 16 ?
Umanak diserice 915,38 LL 106 - 2 - - - - - - - - - - - 2
Div. 1A July-August 1. 1.9
1960, 612 LL 2588 - & 3 ‘4 ] - - - - . - - - 2 1%
Auguat .1 1.0 1.4 0.4 6.7 3.4
1978:a1,83 LL 80 - 7 2 - - - - - - - - - - .
Supt.-Okraber 1.8 2.5 5.0
sT 37 - - - - - - - - - . . - . o
0.9
dskobshayn dlstr.  1915,36 LL Ly EF I 3 26 2 [ - - - - - - - 5 s
Div, 'A Aug.-Septembar 5.0 12.0 3.9 0.5 a.9 Q.7 1.1 a0
1960 LL 47 1 L) 1 1 N - - - - - - - - 1"
Auguse 2. 8.5 8.5 z.1 Al 3.4
19713,75 5T 269 2 - 1 1 - - - - - - - - - - L]
Juns-July 0.7 1 0.4 .2
gedrhidb_Piacd 1935,36 R A 216 - - - - - - - - - - - - - . [
Div. 1D May-Junw .0
195% LL 9% - - - - - - - 2 ' i - - - -
May-Oktober 1 1.1 1.1 i.2
ST 15 - - - - - - J - - - - - - - !
6.7 6.7
1959 LL 151 - 4 1 L] 2 2 - 1 - L] - - = 22
Aug.-Oktobsr . 2.7 1.9 1.1 [P ] 3.3 1.1 0.7 0.7 14.6
5T 13 - - - - - - - - - 4 - - - -
0.0
- - - - - . 3 -
1964 51 47 - - 2 1 - -
2.1 8.5
Septamber 4.2 1.1
1968,69.70,7) LL 1637 ase 108 84 (14 ry L ¥ - - - - - - - ::3:
Fabruar-May 2,3 6.6 5.1 3.2 1.7 Q.7 0.3
5T 278 1 1 - - - - - _ _ _ . . _ "
0;4 a.7 0.4 i.s
FT ER) - ' - 1 1 - - - - - - - - - 3
3.0 1.0 1.0 .t
1978 LL H - - 1 - - - - - . _ . _ . _ '
Saplanber 20.0 20.0
1964 LL 21 - 1 - - - - - _ _ _ . . . B
Div. 1O Sapr.-Okcobat 1.7 3.7 7.4
ST 5% - - - - - - - - N R . _ . .
2.0
1978, 19 LL 3 - - - - - - R R _ B N R ; _ o
Aug.-Saptembar 0.0
Axsuk_FPioed 1937 LL 194 ' - - 2 ' - - - - - - - - - 4
Div, 12 Juiy 6.5 1.0 0.5 2.1
Tunwgdlisctik Fiord 1937 1L s - - - - - . oL,
Div. P Saptesbar 33.0 EL )
1957,58,5% ST 154 1 4 1 - 1 3 - - “ . " N _ . ro
Magch-Dacemhar 0.6 7.6 0.6 [ 1.9 6.5
1937,358,19 L 128 1 Pl 12 1 k] - - - - - . _ . 1
Div, Auguat-Sspt. D.8 15.6 9.9 0.8 2.1 .8 29.1
1952,54 LL 57 - 3 - - z _ . _ N B _ . .
August 5.3 5.3 3.5 1.5 V7.5
1964 it 0 -
— Sapt.-Oktober . .
Totsl for langlina expaclusnts 351% 63
1.8
Total for cravl axperimenta 909 [} - - - _ 1 - 28
R SRS TS S| — 0.1 3.2

LL # longlina sxperimants

£T + shciap trawl saperimants

PT = figh Lrewl sxparimanc
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July 1986
Jan-Apctl  t9a?!
Januacy 19912
Total

Jakobaheyn district
Sept-ocr 19832
Marcch 1986'
March 19862
Harch 1987’
March 19872
Torval

Septambsc !9352
July-Aug 1986
Macch 1987;
Macch 19487
Total

TOTAL

1)

Percentage
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af ' females in 5 cm groupe in catches
Numbers of fish indicated in brackets.

of Greenland

S0 (14)¢ 42
1
F
1
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*n<0.05
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Table 4. Descriptive stages of maturity used for visual analyses of

- ——

Greenland halibut gonads (modified after Walsh & Bowaring, 1981).

females
stage__ _— . _description _
I Juvenile or immature; ovary very small, eggs not visible to

naked eye.

II Maturing (A): eggs becoming visible to the naked eye, all
eggs opaque. '

III Maturing (B): eggs 1-2 mm in diameter, mixture of opague and
clear eggs with less than half of eggs clear.

v Maturing {(C): weggs 3-4 mm in diameter, mixture of opaque and
clear eggs with more than half off eggs clear. The category
includes the ripe condition where contents are almost 1liquid
with translucent eggs.

v Running étage (partly spent}: some eggs extruded but several
thousand clear eggs remaining.

vi Spent stage: ovary appears reddieh purple in appearence, wall
s thick and tough, some raesidual clear or opague eggs are
seen,

males e I e

I Juvenile or immature. Testes very small and mostly clear.

v Maturing: testes blg and white, the ripe conditlon.

v Running stage: sperm is running.




Table_é;

Umanak,
brackets,

Maturity

stages

March 1987.

of Greenland

halibut
Percentages for each length group are

from

Jakobshavn and

indicated in

Stages of maturity

females, Jakobshavn femalen, Umanak males, Umanak

Length i II I1I I i1 111 1V VI .1 IV V
(cm)

50-54 3(100)

55~59 19 (83) 4 (17} - 1{100)

60-64 23 (70) 8 {24} 2 (6) 6 (60Q) 4 (40) 27 (96} 1 (4}
65-69 6 (17) 28 (80) t () 14 (37) 24 (83) 112 (97) 4 (1)
70-74 5 (11) 38 (83) 3 (6) B {17} 38 (81) 1 (2) 166 (B81) 38 (19)
75-79 2z {4y 39 (8} 6 (123) 7 (12} 40 (70) 9 (16) 1(2} 69 (as} 12 (15)
80-84 31 (74) 11 (26) 1 (2) 32 (59) 21 (239) 11 {61} 7 {39)
85-89 2 (7)) 19 (61} 10 (32) 21 (54} 17 (44) 1({2) 1{100)
90-94 12 (55) 10 (45) 10 (31} 20 (63) 2(6)

95-99 2017 6 (50} 4 (33) 5 (26) 14 (74)

100-104 6 {53) 5 (45) 4( 100}

>104 1 {17) 5 (83) 5(100}) "
Total 62 (20) 192 (61) 57 (19} 36 (12} 174 (57) 9% (29) 2(1y 2(1) 386 (86) 63 (14)
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Fig. 1. Annual catches of Greenland halibut in Subarea 1, 1964-86 (from

HMAFQ Stat. Bull.).
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Fig. 2. Annual catches of Greenland halibut by Greenland in Subarea 1
by Division (from NAFO Stat. Bull,).
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Fig. 3. 1986 landings of Greenland halibut in West Greenland (in” tone).
Landings to private fishery plants are not 1included.

(Statistics from the Greenland Home Rule,

Provislonal data
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Fig. 5. Distributlon of pelagic larvae, all data from West Greeniand

waters from 1908 to 1964 and from East Greenland-Iceland waters from
1925 to 1964. Wast Greenland waters : hatched area indicates freguent

occurrence (cross-hatched area : 12 larvae per 30 minutes haul,
diagonal-hatched areas : 3 larvae per 30 minutes haul). East
Greenland-Iceland area : black circles indicate stations with few

iarvaa {never more than 5 per 30 minutes haul). Outside the hatched
area the stations with no larvae are shown as crosses. (from Smidt, 1969}
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Fig. 6. Map of the relative abundance of ycung bottom stages of
Greenland halibut based on the informations in Riget & Boje, 1987b
and Smidt, 1969. Data covers a wide range of years and should.only be
taken as a rough indication of the distribution pattern. Outside the

hatched area no investigation has been made,
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Fig. 8. Distribution and abundance of 0-group Greenland halibut from
Icelandic O-group survays 1970-79. (from Sigurdsson & Magnusson,
1980). Surveys from 1982-85 have showed a similar pattern of

distribution (vilhjalmsson & Magnusson, 1982,83,84,85).




T | - 25 -

a) research sehrimp trawlings (from Riget & Boje, 1987b)
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Fig. 9.  Size distributions of Greenland halibut at different places
at Wast Greenland (see -text). '
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Fig. 13, Stages of sexual maturity of Greenland halibut, 5 cm groups.
Maturity staying Walsh & Bowering {(1981) (see Table 4).
males in length group 85 cm only 1 fish is representad. '

after For

a) females, Umanak district, March 1987.

b} females, Jakobshavn district, March 1987.
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