Serial No.

N1397

NOT TO BE CITED WITHOUT PRIOR
REFERENCE TO THE AUTHOR(S)

aikaly §

- v
| Yl

Fisheries Organization

Northwest Atlantic

st Y

NAFO SCR Doc. 87/93

SCIENTIFIC COQUNCIL MEETING ~ SEPTEMBER 1987

Distribution of Greeniand Halibut and Roundnose Grenadier in the Nerthwest Atlantic

SPECIAL SESSION ON DEEPWATER FISHES

in Relation  to Hydrographic Conditions in 1968-1986

by

A. K. Chumakov and P. I. Savvatimsky

Polar Research Institute of Marine fisheries and Oceanography {PINRO}
6 Knipovich Street, 183763, Murmansk, USSR

ABSTRACT

Since the second half of the &0's the peculisrities and con-
ditions of life cycles of Greenland balibut (Reinheardtius hippo-

glogsgides) and roundnose grenadier (Coryphsencides rupestris)
attracted the attention of many scientists, and these species has
become the important objects of the dsepwater trawl fishery during
the development of the research and scouting investigations of the
bioclogical resources conducted by the USSR and some European coun-—
tries especially by GDR and Poland on the continental slope,

The directed fishery of these species on the continental slo~
pe of the Northwesf Atlantic has begun in 1967 though episodic
catches of roundnosg grenadier and Greenland halibut were
taken yet in 1962-63 (Vogs, Draffehn, 1963; Savvatimsky, 1969).

Mixed concentrations of roundnose grenadier found by the
Soviet vessels slong the continental slope north of 50°N has
stimuleted the development of the deepwater trawl fishery.

The commercial ships were fishing initially during the
summer period only. They were fishing on a limited area because

of poor knowledge of the grounds and the continental slope

relief as well as the conditions of Greenland halibut and round-

nose grenaéierrlife cycles. But the fishing activity was extended
significanfly during investigations of commercial cbjects biology
and the area of their distribution. The commercial concentrations
of grenadier and halibut depending upon seasonal and hydrographic

conditions in different areas and in different depths over the con-




tinental slope were fished out periodically in all accessible

to trewl fishery areas from S0°N to 67°N. The biggest catch of
roundnose grenadier was registered in Div,.3K, in the Northern and
Central Labrador area (2GH) and that of Greenland halibut - in
Subsreas of the Baffin Island (0OB) snd in the Northern asnd Central
Labrador area.

In the period from the beginning of trawl fishery to the es~
tablishment of 200-mile zones the total yield of roundnose gZrena-
dier in the Northwest Atlantic fluctuated from 15.5 to 83.7 thou.
t, the‘average value - 36.1 thou.t; that of Greenland halibut
ranged from 29 to 53.6 thou.t, the average value - %9.9 thou.t
(Tables 1,2). In 1968-76 the mean annual Soviet cabches of round-
nose grenadier and Greeniand halibut were 33.6 and 15.4 thou.t,
respectively, il.e. 93.0% and 38.1% of the USSR total yield.

During the period 1978-84 the total catch of roundnose gre-
nadier reduced from 26,5 thou.t to 3.9 thou.t and this reduction
was marked in all NAFQO Divisions.

After establishing of 200-mile zZones Canadas and Greenland
increaged significantly Greenmland halibut catches in their
coagtal waters, however, the total yield decreased from 53.2 thou.
t in 1979 to 32.2 thou.t in 1984 (Table 2) and never exceeded the
TAC.

There were many explanations of the roundnose grenadier

total catch decrease and the reduction of the catch per unit effort

(Atkinson, 1982, 1984; Chumakov, Savvatimsky, 1983, 1984; Bowering,
1984 ; Bowsring and Brodie, 1984; Ernst, 1984 Kulks, 1985); Various
oceanographic conditions were the reasons for the grenadier concenw
trations shift to deeper layers and loss of their accessibility to
fishery; that is why many authors argued the expedience of The 1lif-
ting of Greenland halibut by-catch limitation (up o 10%) during the
direct fishery for grenadier.

In 1986 because of the increase of the halibut allowable by—,
catch from 10% to 30% during the direct fishery for grenadier the
ships which were fishing on the continental slope got a pos3ibility
to use the more productive areas, that improved the realization of

the grenadier national quota in Bubarea 2+3K,
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Significant chanzges 1n Greenland halibut distribution and de~
crease of density of concentrations at various depths over the con-
tinental slope in Div. OB were observed in recent years (Chumakov,
Borovkov, 1986), which influenced negatively the Soviet fishery ef-
ficiency in Div. OB. The fishery in that area was practically not
conducted in 1984-86 as catches were very small.

This paper is devoted to the investigations on distribution
of Greenland halibut and roundnose érenadier in relation to hydro-
graphic conditions, also to the factors effecting formation and
stability of commercial concentrations of these species in the
Northwest Atlantic during sutumn/winter,

MATERIALS AND METHODS

Soviet trawl surveys data on Greenland halibut stock assess-
ment and also those obtained during research and exploratory crui-
ses in 1968-86 in Subareas (,1,2 and in Div. 3K are used in the
paper,

The official NAFO statistics was used during catch analyses.
Besides, the date on the Soviet cetches taken in Subareas O and 2
were divided into three periods (1969-71, 1972-80, 1981-86) for
studying the grenadier and halibut correlation dynamics in the
bottom trawl catches, The catches were ranged by 100 m layers.
Only the catches with more than 5 kg of grenadier per trawling
hour weée taken in account. Data sampling and processing of ich-
thyological material were conducted in accordance with the PINRO
methods and NAFO standards.

To study the hydrographic condition dynmamics in the South
Labrador area we have chosen a standard Section 8-A carried out
annually in early November. The location of the Section wasg pub-
lished before (Burmaskin, 1972). Water ‘temperatures were measured
at standard layers. The results of water temperature measurements
obtained in 196486 were averaged by ten stations in the sector
ABC (0-200 m layer) and by three stations in the sector C, theae
stations being located close to the continental slope (in 0-200 m,
200-500m, 500-1000m layers). The average water temperature valuss
were obtalned for every year. |

To calculate the frequencies of the temperature fluctuationa

the method of Bhickedan and Bowen was used ('Shickédan, Bowen,1977).
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The water temperature (Yi) in the definite layer and year was
calculated by the equation®:
r . .
Y, = 4 +g;1 A o osin (W . i) + B, . cos (W . i)
where
r ~ guantity of frequencies cbtained
Wk ~ frequencies

Ao - absclute term

Ak’ Bk'- coefficienta of sin.and cos;

(4, &, B_ - are calculated on the basis of the
known frequencies by the least squares method);

i - year; '

k - No. of frequency. )

The following parameters of the water {emperature fluctu-
ations in the chosen sectors and layers of the hydrographic'sec-
tion were obtained: .

W -~ fregquency of fluctuationsa;

T ~ period, years;

R2 - gpectral density;

S2 - mean-root-square error (for all obtained frequencies);

R - coefficient of the correlatioh between input series of

water temperature and series restored for all obtained
frequencies.

The near-bottom temperatures which were measured after each
trawl station also were used in the paper. Near-bottom isotherms
were shown in the maps and compared with isobaths location and
halibut catches. The ice edge location during the trawl survey
gnd the mean monthly locatiecn of the ice in the area of the Baf-
£in Island in September, October and November of 1982-85 calcu-
lated by the Murmansk Meteorological Cenfre data are also repre-
gented. 7

RESULTS

After estsblishment of 200-mile zones the USSR fished for

Greenland halibut mainly in the area of the Baffin Island (0B)

and to a lesser degree in Subarea 2 and in Div.3K where halibut

*The method of calculation was worked out by V.G.Korytov in the
.Laboratory of the short-term prediction (PINRO)
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were allowed to be caught as a bj-catch during the direct fiphery
for grenadier.

It is known that the Soviet trawl fishery in the Baffin Is~
land area wes started in 1968 after the detection of the mixed
concentrations of roundnose grenadier and Greenlend halibut. A%
that periocd catches consisted mainly of roundnose grenadier with a
20~30% of Greenland halibut by-caych. During the subsequent years
the composition and size of catches changed because ’of the
ghift of the grenadier and halibut concentrations to greater
depths,. _

In the early period (1969-71} in Subarea O hauls were con-
ducted at the depths to 1000 m, the mean catches of grqnadier
at the depths of 600~1000 m being more than 1000 kg per hour traw-
ling (Table 3). The largest catches imn 1972-80 were taken at the
depths of 800-1200 m. In recent years the catches were significan-
1y less than previcusly and increased with depth.

In 1969-71 in Subarea 2 the largest catches ( above 2000 kg)
wers observed at the depths of 800~1000 m and in 1972-80 ~ at the
depths of 900-1100 m. In recent years the catches were low but in-
croased at the depths of 1200-1300 m (Tables 4,5,6).

In 1969-846 grenadier catches reduced, their concentrations
moved to greater depths (Fig. 1).

The analysis of the research catches shows that in the 1968-
1971 period Greenland halibut were distributed in the Davisg Strait
(Subarea 0+1) without forming dense concentrations. Then fhe lar-
gost halibut catches were registered at 450-600 m depths., Ha-
1libut catches more than 1.5 t per trawling hour were taken occa-
gionally at those depths in 1969 and the near-bottom temperature
was gbout 3°C (Fig. 2). In subsequent years the halibut catches
from that area increased greatly and those of grenadier were on
a gradual decline (Fig. 1,3,4,5). -

It was noted that the correlation of these species in the
catch changes in -connection with the thermal conditions of the ses,
gince halibut are more resistant to low temperatvures than grenadier
(Burmakin, Svetlov, Chumakov, 1977). Proceeding from this relation-
ship V,V.Burmakin (1978) suggested the squation which allows to
predict the Greenland helibut by-catch in per cent in September:
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Q= =34.02 t + 153.9
where Q - Greenland halibut percentage in trawl catches in September
(per cent of the total catch);
t - water temperature on the hydrographic Section 7-4 in May
{(in the 200-500 m layer).

In the period of 1968-74 the correlation cosfficient between
the compared values was equal to -0.962 + 0.018,

To our regret, the absence of the oceanographic observations
on this section does not allow us to analyse this equation on
larger number of examples.

According to the data of annual trawl surveys conducted in that
area since 1979 the correlation between grensdier and halibut in
the catches changed greatly in comparison with the initial period
of the fishery. Thus, in 1981-83 Greenland halibut were the main
species in the trawl catches from all surveyed areas, low grenadier
catches were reported only from the southern part of the area at
depths below 800 m. At the same time the by-catch of northern wolf-

fish (Anarchichas latifrons) and roughhead grenadier (Macrourus

berglax) increased significantly. In 1984-86 roundnose grenadier
catches (to 500 kg per hour trawling) were usually taken at the
800-1300 m depths.

Year~to-year changes in grenadier/halibut ratio in Subareas
0+1 in 1968-84 can be detected by summing up the statistical data
on the total catches taken by the ships of the USSR, GDR and FRG.-
The analysis of the curves of grenadier/halibut ratio shown in S
Fig., 6 allows to mark out three periods (1968-71, 1972-80, 1981-86)
with different types of the spatial distribution of Greenland
halibut and roundnose grenadier in Subareas O and 1. Till'19?1
roundnose grenadier were the dominating species in catches (75-
80%); from 1972 to 1980 the portion of grenadier averaged 30 &
and since 1981 it approached 20%. These changes are connected
with the yearhto-yeaf vertical displacements of fish concentra-
tions.

It is known that the route of mature halibut migration to
spawning grounds situated in the southern part of the Greenland-

Canadian Threshold (Subarea 1) lies through this area. That's

L



why it is interesting to analyse yeer-to-yeaTr fluctuastiomns of
halibut length composition basing on trawl survey data.

As is seen from Fig. 7 halibut length composition in Div.OB
in 1979-86 was not stable., In 1979-83% males and females above
56-65 cm long dominated im trawl catches, while in 1984-86 their
relative quantity sharply reduced and the number of fish 44-45 cm
long increased.

It is naturally that such sharp and significant changes in
the length composition, in the trawl fishery proﬁuctivity and in
the reduction of the halibut biomass from 355.3 # 102.4 thou.t in
1982 to 158.6 + 33.8 thou.t in 1986 {Table ?7) cannot be explained
by the fishery influence because according to the Statistical
Bulletin NAPFO data, the fishery in that area was minimum and in
1984 it was stopped at all. To our mind, the above changes were
caused by the redistribution of the older agse groupg in Subareas
Q and 1.

The largest catches ( more than 2000 kg per trawling hour)
were registered at the 800-1100 m depths in Bubarea 2 in 1969-71
and at the 900-1100 m depths in 1972-80. In the last years the
catches were small and increased at the depth below 1200 m.

The reasons of these chamges in the vertical and horizontal
distribution and also in the halibut and grenadier concentration
density can be explainad; first of all, by changes of water ther-
mal regime.

The sharp fall of water temperature in the Northwest Atlantic
registered in early 70's led to the descent of roundnose grenadier
stock to greater depths and reduced the accessibility of concen~
trations to the bottom trawl fishery thus being one of the reasons
of the total grenadier catch decline in those years. The sanme
concluSisn was drawn by R.Ernst (1984), while explaining the reduc-
tion of gremadier catches on the continental slope in Subarsa 2.

It should also be noted that the trawl fishery for grenadier
at great deptha over the continental slope is hampered by the bottom
relief and & higher number of accident hauls. Besides, gears should
have special rigging for deepwater fishery.

The changes in the hydrographic regime promoted the imcrease
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inrdensity of halibﬁt concentrations in Div.0B and Subarea 2 (Ta-
bles 8,95 Pig. /3,4).

Migration of Greenland halibut to deeper waters can be proved
by comparison of the mean catch data for 1983-84 with those in
1969_(Table 8; Fig. 2,4). In 1969 the maximum halibut catches were
taken in the 450-600 m layer and in 1983 - in the layers below
1000 m (Fig. 8).

Immature specimens of Greenland halibut are distributed main-
ly in the southern part of the area on the shelf and continental
slope within a relatively wide temperature range {(from - 0.9°C
to + 4.5°C). The relative quantity of mature males and females
and the mean fish length increase tcwards{the north (Chumakov,
1975). In Subarea O halibut are distributed within the narrower
temperature range than in the southern areas (Fig. 8).

As it was noted before (Savvatimsky,'198%; Ernst, 1984; Kulka,
1985), the g:adual shift of the concentrations of Greenland hali-
but, roundmose grenadiér and redfish into deep waters was caused
supposedly by the changes of the hydrographic conditions and the
ratio of these species in the research and commercial catches hAs
changed in recent years.

According to our data, the Greenland halibut distribution is

Vstrongly connected with the hydrographic regime in the dwelling
area, thus affecting the trawl survey and fishery results.

It is known that in the years with low water temperatures in
the main branch of the Labrador Current conditions for the Green-—
lsnd halibut dense concentrations and their effective fishery are
formed. With the temperature rise the roundnose grenadier catches
increase and mixed concentrations of roundnose grenadier and Green-
land halibut are observed then nearby the continental slope (Kon-—
stantinov, Noskov, 1977; Burmakin, 1978). The water temperature in
the main branch of the Labrador Current has fallen notably since
1973 and that in the 200-500 m and in the 500-1000m layers of the
continental slope of Labrador (Section 8-4, sector C) is lower
than the long-term mean level (Savvatimsky, 1986, 1987). In 1986
the water temperature in the 200-500 m layer was 3.64°C (the mean
temperature was §w91°c in 1964-85) and in the 500-1000 n laysr -
3.45°C (the mean value was 35.76°C) (Tab;e 10).

e
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In order to study the year-to-year fluctuations in the hydro-
graphic conditions in the area of fish dwelling the results of the ,
long~term observations on Section 8-A were analysed and the perio-
dicity of water temperature fluctuations in the upper layers of the
shelf and slope as well as in deep layers nearby the slope was re-
vealed.

Three periods of water temperature fluctuations with rather
high (and important) correlation coefficients (11.4; 2.1 and 3.8
yoars) were determined in the 0-20C m layer of Sector ABG (Table 11).
Two pericds (11.5 and 2.1 years) were revealed in the 0-200 m
layer of Sector G. Two periods {30.2 and 6.3% years) were determined
in.the 200-500 m layer of the same sector as well as in the S00-
1000 m layer (35.5 and 4.4 years). It is noteworthy that the long-
term fluctuations in the 200-500 and 500-1000 m layers are charac-

" terized by a high correlation coefficient (R is more than Q. 7).

Prognostic values of water temperaturse for 1987-91 in the
chosen layers were obtained taking in account all the determined
pericds of water temperature fluctuations with correlation coeffi-
clents always exceeding 0.8.

The sherp water cooling in the upper layers (. 0-200 m) in the

args of the shelf and nearby the continental slope of the Socuthern

Labrader etarted in 1982 (Fig. 9). Cooling was meximum in 1984,
and by 1985-86 water temperature was about the long-term mean
{1964-86). The rise in temperature in the upﬁer layers is expected
in the subsequent years with the meximum in 1989-90,

The water cooling in the 200-500 m and 500-1000 m layers &
nearby the continental slope started much earlier than in the upper
layers and lasted for a long time from 1974 to 1986, The water
temperature in these layers can reach the long-term mean by 1988
and exceed it by 1991 (Fig. 9).

Though water coocling in 1984-86 seemed to have favoured the i
halibut fighery, no dense halibut concentrations in the Baffin Island
area in those years were observed (Table 8; Fig. 5) and, consequen- !
tly, the fishery was not successful, The hydrographic conditions
in 1984 were similar to those in 1985. The water temperature on

1 November 1984 was lower than the 1964~86 mean level (Table 10).
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During the trawl surveys in the area of the Baffin Island and
Labrador in cold 1984 and 1985 years mean halibut catches per
bhour trawling were significantly less than previously when the
temperature of the main branch of the Labrador Current waters
was low. The trawl fishery conditions and the accegsibility of the
fish concentrations were worse than in previous years because of
wider fish distribution over the shelf and continentsl slope that was
probably connected with the hydrographic conditions on the shelf.

The insufficient results do not allow to analyse properly
the year-to-year anomalies of the oceanographic conditions, never—
theless, 1t is possible to state that the area of Arctic waters
on the shelf reduced slightly from the autumn of 1984 to the end
of 1985, i.e. tho ares of waters witﬁ negative temperatures dec-
reased, The near-bottom O° isotherm in Subarea 2G was very far
from the continental slope in December 1985 whereas it was close
to the slope, for example, in December 1982 (Fig. 10). Thus, in
1982 practically the whole shelf was occupied by . - waters with
negative temperatures in the bottom layers. The water cooling in
the shelf area of the Baffin Island in 1982 wag, probably, greater
than in the area of Labradoer which@s proved by the location of the
ice edge along the 1000 m isobath in November 1982 (Fig. 11). The
ice edge was very far from the slope. It was farther to the west
in November ‘1983 than in 1982 and the mean monthly location of the
ice edge in November 1984 was similar to that in 1985 (Fig. 12),
i.e, the year-to-year gradual movement of the ice edge from the
slope towards the shelf was observed. This indicates the rise in
temperature in the upper layers over the shelf and the continental
slope. The rise in temperature depends not only on the radiational
heating but aléo on the interaction of the cold Baffin Island Cur-
rent and the warm branch of the West Greenland Current, and if; the
latter becomes stronger warn waters penetrate farther to the west
than usually and occupy the part of the shelf. In such years hali~
but are scattered over a wide area, do not form dense concentrations
and the fishery productivity is not usually high. On the contrary,
when cold waters force the fish out of the shelf they form dense
concentrations in the narrow areas of the élope under the so-called

"core" of the branch of the West Greenland Current. Thus, the trawl
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survey in the area of the Beffin Island was conducted in September
of relatively warm 1984 (according to the location of the ice edge
and near-bottom isotherm on the shelf) when the autumn/winter mig-
ration of balibut inte great depths had not yet started.

The significant part of the shelf was cccupled by relatively
warm wabers gnd on 29 November 1984 the ice edge was located 20-25
miles west of the 500 m isobath. The near-bottom 0°C isotherm was
located between 200 m and 500 m iscbaths. There was no usual in-
crease of the mean length of fish with depth when the halibut mig-
ration from coastal to offshore waters comes to an end {Chumakov,
1982). In September 1984 during the trawl survey the fish were
scattered over a wide area (Fig. 13), and catches were low (up to
700 kg per trawling hour). In fact the halibut fishery was not
conducted in that area. The greatest catches were taken from shal-
low depths (Table 8).

The similar hydrographic gitustion was in the Baffin Island
ares in November -1985. The near-bottom 1°C isotherm was between
200 m and 500 m isdbgths, the 2°C isotherm corresponded spproxi-
mately to the 500 m isobath and the 3°C isotherm was between the
500 m and 1000 m isobaths (Fig. 5). In November the ice odge was
far from the slope and was located over the shallow waters (Fig. 11).
Halibut were scattered in a wide area without forming dense con-
centrations and their catches were small,

In November of anomally cold 1983 the hydrographic situation
was different. On 15 November the ice edge was located between
500 m and 1000 m isobaths. The halibut catches were higher than
in the corresponding period of 1984 and 1985 (Fig. 4) especially
in the layers deeper than 11000 m (Table 8). The maximum catches
exceeded 3000 kg per trawling hour. In November 1982 the ice edge
was located slightly easterly than in 11983 and halibut catches
were also higher., The mean catch per trawling hour was 1101 kg
in 1982 and 715 kg in 1983 (Table 8). The USSR halibut catches
taken from the Baffin Island area were 3.5 thou.t in 1982 and
3.7 thou.t in 1983 (Stat. Bull. NAFO, wvol. 32, 1984; vol. 33,1985),
i.e. 91.1% and 83.2%, respectively, of the total catch. In 1984 -
the Soviet catch in that area was only 109t and in 1985 - 179 t
(Cbhumakov, Borovkov, 1986).
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According to the data of Murmansk Meteorological Centre, in
October 1986 in the Beffin Island area south of 65°N no ice wasg
detected (it was only iz the bays), while the ice edge 40 nmiles
wide was observed to the north. According to the data of MG-1330
"Klintsy" which conducted the trawl survey of halibut stock in
that area, there were positive anomalies of water temperatures
in the 50-200 m layer of the shelf. That indicates the intensi-
fisd influence of the West Greenland Current warm branch on the
heat content of shelf waters. Halibut were scattered in a wide
area that is‘why catches taken by MG-1330 "Kiintsy" were small.

S0, the halibut distribution is connected with the oceano-
graphic conditions on the shelf and continental slope in the
areas of the Baffin Island and Labrador, which allows to deter-
mine the fishery conditions in those areas in édvance. It is
poasible to predict ice conditions for November/December (the
most favourable period for the halibut fishery) analysing the
changes in the location of the ice edge in the area of the Baffin
Island from September to October. So, in September/October 1984
and 1985, when the shelf waé occupied by relatively warm waters,
the ice off the Baffin Island was not found, and in September/
October 1982 and 1983 it was detected ags the coastal ice field
(Fig. 14) and at the end of October it was 40-50 miles wide,

DISCUSSION

It is known that the hydrographic conditions of the definite
year or season are the main factors influencing the distribution
of commercial species and determining the results of Trawl surveys
for their sbundance assessment. Por example, it was noted that
the reduction in abundance and biomass of cod, American plaice,
witch flounder and Greenland halibut, according to the Canadian
trawl surveys data for 1985 in Divs. 2J and 3KL, was connected
with the fish distribution in near-bottom waters where tempera-
tures were lower than in previous years (Baird and Bishop, 1986).
The Soviet catches taken duripg trawl surveys for Greenland ha-
libut stock assessment in the Northwest Atlantic vary by areas
from year to year notably. This leads to significant fluctuations
in the calculated values of fish abundance and biomass and meke

difficulties while estimating the stock and predicting the fishe~-
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ry and total yield. It is possible that in comnection with the
variable hydrograpbic conditions the mature halibut migrations
to the spawning grounds situated in the Greenland-Canadian Thre-
shold area sand partly in the 200-mile zone of Greenland take
place annually in different periods and with different intensity,
which can also influence the results of the trawl survey for
stock assessment.

The hydrographic regime influences the behaviour and distri-
bution of demersal fish and determines to a great extent thq fi-
shery conditions. The cooling of water masses in the Northwest
Atlantic in early 70's led to displgcement of roundnose grenadier
and Greenland halibut into deep wabters and reduced their accessi-
bility to the bottom trawl fishery. The changes of the hydrogra-
phic conditions reduced the grenadier total yield and incressed
the halibut concentration demsity and stabilify as well zs the
efficiency of fishery. The cooling in the upper layers of the
Labrador Current in the area of the shelf and slope started in
1982 and in the 200-500 m and in the 500—1000 m layers nearby the
slope - in 1974. In 1985-86 the water temperature was similar to
the long-term mean. The rise in temperature in the upper layers
is expected in the subsequent yéars with the maximum in 1989-90.
The water temperature in the 200-500 m and in 500~1000 m layers
nearby the continental slope can reach the longeterm mesn by 1688
and will exceed it by 1991. These changes can influence the ver—
ticel fish distributiorn and the fishery conditions.

The fishery conditions in the area of the Baffin Island and
Labrador, the halibut accessibility to the gear during trawl sur-
veys for stock assessment are determined by the fish distribution
in thé shelf and continental slope area. The most favourable pe-
riod for trawl surveys is in November/January when the halibut mig—
ration from the coastal zone to the offshore waters comes to an
end and fish form dense wintering concentrations on the continen-—
tal slope (Chumakov, 1982), The halibut accessibility to the re-
search bottom trawl is determined by a general dislocation of cﬁn—
centrations in deep wabters {(as a result of year-to-year water
temperature changes) and by specific hydrographic conditions

during the survey. Time of concentration formation, their density
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and stability are connected also with the hydrographic conditions
arising in the shelf area from the interaction of the cold Baffin-
Islend Current and the warm branch of the West Greenland Current.
In those years when the whole shelf is occupied with waters having
negative bottom temperatures halibut are concentrated over the con-
tinental slope. If relatively warm waters of the West Greenland
Current branch penetrate far to the west than usually and occupy
the part of the shelf, then halibut are scattered in a wide area
and do not form stable concentrations. The hydrographic front ari-
sing from the interaction of the above currents nearby the 1000 m
isobath is the main factor affecting the formetion of halibut con-
centrations, The largest halibut catches asre taken in the area of
the continental slope where the 1-3°C isotherms are located clo-
se to each other.

Halibu¥ concentrations in the area of the continental slope E
of the Baffin Ialand occur, probably, nearby the ice edge. The i
stable halibut concentrations favouring effective fishery are for-
med when the ice edge is between the 500 m and 1000 m isobaths,
i.e. along the boundary between the shelf and the continentsal
slops. However, it is not clear if the ice cover and the ice edge
location affect the formation of halibut concentrationg, though
the connection between the commercial fish distribution and the
ice edge location is generally known. The experience of success—
ful fishery near the ice for fish concentrations in the upper
layers (capelin) and in deep waters (redfish, cod) prove the fact
that the ice edge is one of the factors affecting the formation
and density of commercial concentrations.

In this paper the ice edge location in the period of the
halibut concentrating nearby the continental slope is considered
to be the index of the thermal state of shelf waters but it can
be, possibly, used to predict the halibut fishery conditions
in the area of the Baffin Island in November/December as well as

the conditions of the research trawl survey 1-2 months in advance.
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Table 1 Roundnose grenadier catches (t) in Subarens
0+1 and 2+3KL in 1968-84 according to KAFO data

‘: :Gnean- : : : : ‘0ther : Potal
YTear =Cnnada:1and , GDR ’?oland, FRG , USSR ,count- : yield
- 3 : : s s s ;rles :
1968 - - 4735 - - 32719 - 37454
1969 - - L) - - 15043 - 15489
1970 - - 1564 - - 29389 - 30953
1971 - - 1185 105 - 82459 - B3749
1972 - - 445 270 - 31765 - 32480
1973 - 11 2519 29 - 19624 - 22448
1974 - 5 4580 181 199 35779 - 20754
1975 - 6 2890 1499 33 27949 - 32378
1976 16 ] 678 1M 148 28152 - 29096
1977 15 10 o74 - 693 16922 7 18321
1975 9 32 1801 5 6780 17760 108 26541
1979 4 21 480 96 6794 7307 - 14902
1980 - - 898 36 1753 1119 - 3806
1981 - 39 1407 18 353 5747 - 7564
1982 - 37 1640 15 11 2732 - 4435
1983 - 22 2586 50 - 979 - 3637
1984 - 35 3650 1 23 172 2 3933

Table 2 Greoenland hailbut catches (t) in Bubareas
O+1 and 2+XL in 1968-84 according to
 HAFO data

i e el e e e Ll e DV S
Year !Canada!Greem- ! GDR !Poland! FRG ! pssp 10ther 1Total
! "Yand ! ! : !

Wy o o drm b Pe M mE ks mm e e e erm MU e e M M e mm G e e e o e mn e W M e e W
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Table 4 Mean catch of roundnose gremadlier per trawlinog
hour (kg) (numerstor) amd number of catches
(denominator) im Subarea 2 in 1969-71

—— = = = = =  Eaditniia Gt il It S
% : i Sep~ 1’ iNovem- iDe~
Layer, @ 1 Juns 1 July 1 temberiOctoberiber loem-
! ! ] ! 1 iber
608 IIT2 916 804 4TI
401500 - 608 il 216 L. (0
° 3 19 9 33 6
598 996  Ia44 893 528
01-600 - 229 EEAT S 693 <8
> | 7 24 21 42 37
1745 2261 2516 IIIT 9%
-700 L4 et . e2le Il 34
so1-7 3 5 5 21 II
701800 2551 2660 3983 900 970  5IL
26 28 4 I 5 I4
801900 2T26 2945 2960 ) 1164 500
24 10 4 4 I
901..I000 3388 2051 296 - - -
2 10 4
100I-1I00 - 1998 283 - - -
13 I
110I-I200 - 526 800 - - -
4 I

Table 5 Mean catch of roundnose grenadier per trawling
hour (kg) (numerator) amd number of catches
(denominator) in Bubarea 2 inm 1972-80

-——-=- £ e St el Sl il dhi
! ! ! ! ! 0g= ! ! !

Layer,n : June : July ;Lusust: 13;35 : ggbarillg:gm- :D‘gg:a-inig:;i

SR TR SRR R S SRS SUR Al
301-400 - - - - 53¢ - 721
3 5 8
40I-500 - - »6 104 817 0 4 &8
Ty 5 3@ I 1 43
501-600 - 68 88 2672 o0& 71 202 970
4 8 8 29 10 4 63
601700 480 434 627 189 730 89 234 888
I 10 6 14 17 16 6 70
701-800 . €13 27l 1897 1489 925 5II 1079
T 5 18 10 4 I5 59
g0I_00 2002 1676 199  I470 1384 486 38 1326
21 34 4 I0 13 7 I9 108
9011000 4470 361 2235 Ie23 I400 §_22_ :?_29 ,3_5;_@_
~ 4 37 5 6 19 4 8 83
[0I.IToo 368 2956 3600 2147 2122 I7¥% 2700 - 275L
16 55 i 7 12 5 2 98
r101-1200 - 14 68 1000 _ 5 1295
8 I I I II
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Table 6 Mean catch of roundnoseé grenadier per trawling
hour (kg) (numerator) and number of catches
{denominator) in Subarea 2 in 1981-86

“““““ Al el S S A
i i t ! ! ' ralys

Layer, m" Jaly !'SeptenberEOctober !'llovamber %December!. Dacember
I71 300 17 I63
501600 - - ~ = 7 =3
200 25 I100 12 196
601-700 - —3 - T % =
s I ] I5 168 166
IoC 175 5 - 140 28 23
0L-200 =5 BE] I I 20 26
200 3L4 67 T5 508 498
011000 = 1 4 4 31 4l
I 126 600 2{2 gg_ﬁ_
I00I-11G0 - _f 3 I 9 o
940 255 294
II0I-12G0 - - - -1 T7 T8
1201-1300 - - - 6% &30
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Table 10 The mean water temperature in the 200-500 m and 200-

1000 m layers of the main branch of the Labrador Cur-
rent in 1964-86 (Section 8-A, sector C)

Year
Layer, n 1964-86 1 1984 : 1985 : 1986
200-500 3,91 3,790 3,84 3,64

500-1000 3.76 3.62 © 550 2.45

Table 11 Calculated frequenciss of water temperature
fluctuations in the 0=200m, 200=-500m, 500-1000m
layers of the ABC and C sectors on standard hydro-
graphic section 8-A in 1964-86

it el ity Tom - === == T |
Bestor, grrequency,; Period, E Bpectral {Hean~root-=Coefficiant :
layer i L] 1 years, 1 density, isquare er-1of corre-
s E p E R2 zror. g2 ;lation. R
i i i i i ______
0,549 IT.,437 0,448 0,439 0,669
0-200 2,99 2,097 0,199 0,351 0,804
1,629 3,856 0,185 0,242 0,912
0,547 II,494 0,420 0,598 0,648
0-200 2,969 2,116 0,245 0,455 0,815
G (2,208 30,223 0,628 0,191 0,792
200-500 0,997 6,305 0,107 0,I71 0,837

C
5001000 1.426 4,407 0,135 0,183 0,818
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Fig. 1 Mean catohes of roundnose grenadier .
taken by the bottom trawl at different
depths in Subareas O apnd 2 in 1969-86
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Fig, 2 Distribution of Greenland halibut catches
and near-bottom isotherms location in
August/September 1969 in Subareas.Os1.
according to the data of exploratory vessels




(Y 1~200

@ 20130

@ 801 -1500
C 1500

62"
53"

Fig. 3 Diastribution of Greenland halibut catches
and. near-bottom isotherms location in. .
Subareas .O0+1 in November 1974 according
to the data of exploratory vessels
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Pig. 4 Distribution of Greenland hslibut. catches
and near-bottom isotherms location im.Div.

OB in November 1983 according to the trawl
survey data
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Fig. 5 Distribution of Greenland halibut catches,
and near-bottom isotherms location in Div,

OB in November 1985 according to trawl
survey data
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0+1 ( 1 - smoothed curve; 2 - initial data)
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Fig. 10 HNear~bottom isotherm location in the
area.of the shelf and continental slope
of Northern and Central lLabrador im
December 1982 and 1985
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Fig. 11 Ice edge location during the. trawl
surveys off the Baffin Island in
November 1982-85 |
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Fig. 12 Hean monthly location of ice edge in
November 1982-85 off the Baffin Island

accopding to Murmansk Meteorological
Centre data

~I
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Fig. 13 Mean halibut catches per trawling hour.
taken during the trawl survey amd neap-
bottom imotherm location. on 18-29 Sep-
tember 1984 off the Baffin Island
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Pig. 14 Hean monthly location of ice edge in
October 1982 and 1983 off the Baffin.

Island according to Murmansk Meteoro-
logical Centre data
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