Flgdevigen rapportser. 1, 1986, ISSN 0333-2594

ESTIMATES OF THE ABUNDANCE OF MESOPELAGIC FISH OFF SOUTHERN
NORWAY AND WEST OF THE BRITISH ISLES 1971-1976

J. Gjgsater

Department of Fisheries Biology, University of Bergen, Norway

Present address:
Flgdevigen Biological Station, N-4800 Arendal, Norway

ABSTRACT

Gjgsater, J. 1986. Estimates of the abundance of mesopelagic
fish off southern Norway and west of the British Isles 1971-
1976. Flgdevigen rapportser, 1, 1986: 1-22.

Mesopelagic fish were studied using 38 and 50 kHz echo
sounders and electronic integrators on cruises covering the
Norwegian Deep, Skagerrak, the slope north of the North Sea and
west of the British Isles during 1971-1976. Samples of the fish
were taken using commercial pelagic trawls.

In Norwegian waters Maurolicus muelleri was the dominant
species and the estimated stock size in the area covered ranged
between 20 000 and 1 600 000 tonnes. No seasonal variation in
abundance could be traced.

West of the British Isles Notoscopelus kroeyeri seemed
most important, followed by M. muelleri. Estimated stock size
ranged between about 0.3 to 13 million tonnes.

All the stock size estimates are tentative, as the density
coefficient used to convert echo abundance to fish biomass is
not known for the species involved, and a coefficient worked
out for another fish species had therefore to be used.

INTRODUCTION

During cruises with the research vessels of the Institute of
Marine Research, Bergen, covering the Norwegian Deep, Skager-
rak, the slope north of the North Sea and waters west of the

British Isles, acoustical recordings of mesopelagic fish were




often obtained (e.g. Hamre og’Nakken 1970, 1971, Olsen 1972).
During daytime these recordings were usually found at depths
between 150 and 300 m, while during nighttime they came up to
the surface layers. .

No attempts have been made to assess the abundance of the
fish causing these recordings, althbugh 1t has been pointed out
that they must represent a large biomass (Blindheim et al.
1971 ). They probably play an important part in the pelagic ecd-
system in the area and studies 1in other parts of the world have
shown that mesopelagic fish may be a large potential resource
for future fisheries (Gjgs=ater and Kawaguchi 1980, Gulland
1983). Probably they can be caught 1n the North Sea-area too
with suited gears (see Olsen 1972).

The present paper presents acoustical data on mesopelagic
fish from cruises in Norwegian waters and west of the British
Isles, and on the basis of these it is attempted to derive
tentative estimates of the abundance of mesopelagic fish in

these areas.

MATERIALS AND METHODS

The material used in this study was collected during cruises
with R/V "G.0. Sars" and R/V "Johan Hjort" of the Institute of
Marine Research, Bergen. A list of the cruises is given in
Table 1, which also gives references to maps showing survey
grids and other details.

A 38 kHz echo sounder and three electronic echo integators
were used onboard R/V "G.0. Sars". The effect of the transducer
was 10 kW, the pulse length 0.6 msec and the band width 1 kHz.
The beam width was 5° x 5.5° between the 3 dB points. The time
varied gain, TVG, was 20 1g R + 2 aR, where R is the distance
between the transducer and the target and a 1s the attenua-
tion coefficient.

On R/V "Jdohan Hjort" a 50 kHz echo sounder and one analogous
integrator were used. The transducer effect was | kW and pulse

length, band width and TVG were similar to that of the equip-




Table 1

List of cruises where echo abundance of mesopelagic fish
was measured

Year Month Ship References

West of the British Isles.

1972 February-March G.0. Sars Jakupsstovu og Midttun 1972
1973 March-April G.0O. Sars Jakupsstovu, Olsen og Midttun 1973
1974 March G.0. Sars Buzeta and Nakken 1975

1975 May G.0. Sars Jakupsstovu og Midttun 1977
1976 March-April G.0. Sars Jakupsstovu og Midttun 1977
Norwegian Deep and north-east of Faroe Islands.

1971 October G.0. Sars Jakupsstovu 1974

1972 June-July G.0. Sars Iversen et al., 1974

1972 September -October G.0. Sars Jakupsstovu 1974

1973 May Johan Hjort Jakupsstovu 1974

1973 October G.0. Sars Jakupsstovu 1974

1974 November-December G.0. Sars Kismul 1975

1975 April-May G.0. Sars Kismul 1976

1975 May-June Johan Hjort Kismul 1976

1976 May-June Johan Hjort Kismul 1977

1976 November -December G.0. Sars Kismul 1977

ment on "G.O. Sars".

On both vessels 120 kHz echo sounders were continuously run.

The output (M) of the echo integrator is lenearly related to
the number of fish per unit area (Pa) in the integrated depth
columns (Forbes and Nakken 1972). This relationship can be
written;

Pa = CM + 4 (1)
where C is number of fish per unit area needed to contribute
one unit to the integrated echo intensity, and 4 is the lowest
density which can be recorded (Midttun and Nakken 1977). The
density coefficient C depends on fish species and size and on
the characteristics of the echo sounder/integrator system used:
c=c, Cg P (2)
Here Ci is an instrumentation constant, £ is fish length
and CS and b are constants for a given species. When £ is
small compared to wave length the difference between species is
small (Nakken and Olsen 1977).

The density coefficient for myctophids is not known. It has
therefore been necessary to use the coefficient for some other
small pelagic fish, and the values worked out for capelin on
R/V. "G.0. Sars" have been applied (Table 2}.




Table 2

Density coefficient Ci CS and the exponent b from the equation

C=2¢C, C z_b for capelin
i 7s

Year c. C b Authors
i 7s _

L. 2
number/mm x n.mile

1971 9.4 x 102 1.72 Nakken and Dommasnes 1975
1972 9.4 x 106 1.72 Nakken and Dommasnes 1975
1973 3.0 x lO6 1.72 Nakken and Dommasnes 1975
1974 1.8 x 106 1.72 Nakken and Dommasnes 1975
1975 5.0 x 106 1.72 Hamre and Rgttingen 1977
1976 8.1 x 10 1.91 Dommasnes and Rgttingen 1977

The relationship between integrated echo intensities ob-

tained by R/V "G.0. Sars" and R/V "Johan Hjort" varied during

the period of investigation (Table 3).

Table 3

Relationship between integrator values from R/V "G.0. Sars" and

R/V "Johan Hjort". Parameters from the eguation MGOS - aMgy b.
Year a b Authors

1973 - 2.00 13.6 Nakken and Dommasnes 1975

1975 0.54 18.0 Dommasnes, Nakken and Rgttingen 1976
1976 0.45 14.0 Dommasnes and Rgttingen 1977

Continuous watch was kept on the acoustic instruments, and
every day the acoustic data were scrutinized to group the re-
cordings and corresponding integrator readings into cafegories
of scatterers. These categories were recognised by their
appearance and behaviour, and trawling, using a 1600 mesh or a
1360 mesh pelagic trawl, was frequently carried out to verify

the identifications.




RESULTS
West of the British Isles

West of the British Isles, cruises were conducted annually
during spring from 1972 to 1976. During 1975 only the area
north of 58° was covered.

The distribution of integrated echo abundance is shown in
Fig. 1-5. The highest values were generally obtained around the
Porcupine bank, although there were usually no recordings above
the most shallow part of the bank. Another area with high
values was sometimes found around Rockall.

Generally, the mesopelagic fish layer could be identified by
its appearance and its vertical migration and therefore little
trawling was carried out for identification purposes. The few
trawl catches available showed that among the mesopelagif fish
Notoscopelus Kkroeyeri was generally dominant, with Maurolicus
muelleri and Benthosema glaciale ranging next. Due to the
selectivity of the gears used it is almost impossible to assess

the relative importance of these species.
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Fig. 1. Integrated echo intensities (mm deflection) of meso-
pelagit fish in February-March 1972. The survey routes are
indicated.
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Fig. 2. Integrated echo intensities (mm deflection) of meso-
pelagic fish in March-April 1973. The survey routes are

indicated.
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Fig. 3. Integrated ehco intensities (mm deflection) of meso-

pelagic fish in March 1974.

The survey routes are indicated.
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Fig. 4. Integrated echo intensities (mm deflection) of meso-
pelagic fish in May 1975. The survey routes are indicated.
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Fig. 5. Integrated echo intensities (mm deflection) of meso-
pelagic fish in March-April 1976. The survey routes are
indicated. :
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Table 4 shows fish abundance based on the supposition that
N. kroeyeri was the only scatterer and that it has the same
sound reflecting properties as capelin. The mean lengths and
corresponding weights are computed from Gjgsater (198la). If
M. muelleri is supposed to be the only scatterer, the total
abundance will be about one third as high (Table 4).

Table 4

Integrated echo intensities and estimates of abundance of meso-
pelagic fish in the areas shown in Fig. 1-5.

Abundance estimates

1 11
Integrated N. kroeyeri only M. muelleri only
echo

intensities

mm/n.m}le X 2(cm) Wig) tonngs x £(cm) wWig) tonngs x
Year n.mile 10 10
1972 4.7 x 102 9.6 14.6 13.00 5.2 1.9 5.00
1973 1.9 x 107 11.2 23.0 2.10 5.2 1.9 0.64
1974 1.0 x 105 9.7 15.1 5.40 5.2 1.9 2.00
1975 1.8 x 105 11.5 24,9 0.33 5.2 1.9 0.10
1976 3.1 x 10 11.3 23.6 0.93 5.2 1.9 0.33

As the data on size distribution of M. muelleri are more
sparse, one mean length and weight is used for all the years
(Gijpszter 1981b). The last estimate is obviously too low as
there are several other larger scatterers than M. muelleri
present. On the other hand, N. kroeyeri has a partly or com-
pletely fat-filled swimbladder (Bone 1973) which makes it a
much poorer sound reflector than capelin, and this will tend to
make the first estimate much too low. However, on the whole, it
seems that the first estimate may be closer to the truth than
the last one.

B. glac¢iale also has a fat-filled swimbladder, at least
when adult (Zahuranec and Puch 1971), and it therefore probably
contributed little to the scattering layers observed.

During the cruises in 1972, 1973 and 1974 integrated echo
intensities above 100 mm/n.mile were observed over large areas

(Fig. 1-5). Using the same conversion factors as in row I of
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Table 4, this corresponds to 81, 32 and 16 g/m? surface area

respectively for the three years.
Norwegian Deep and adjacent areas

In the Norwegian Deep and north of the North Sea plateau M.
muelleri was the dominant species of the mesopelagic fish, al-
though B. glaciale and N. kroeyeri were also caught. These

were found in a scattering layer typically lying between 100

and 250 m during day and near the surface during night (Fig.
6).

Fig. 6. Echo recording of mesopelagic fish, mainly Maurolicus
muelleri, March 1973.
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1971. A survey was conducted during October, covering the
area from Skagerrak to about 62°N. Mesopelagic fish were found
in the northern part of the area (Fig. 7), but the density was
generally low and the highest average density recorded over
more than five miles was about 25 g/m?. The estimated abundance
in the area studied was about 156 000 tonnes (Table 5).

1972. The area from Skagerrak to about 61°N was covered by a
survey conducted during June-July and by another covering the
same area during Septembe-October. On the first cruise (Fig. 8)
mesopelagic . fish were recorded over a wide area, and fairly
high concentrations, more than 30 g/m? , were found along the
western and southern slopes of the Norwegian Deep. The total
abundance was about 380 000 tonnes. During the second cruise
the distribution area was much smaller (Fig. 9), the densities

lower and the estimated abundance only 200 000 tonnes.

T 1 7
1

Fig. 7. Integrated echo 1intensities (mm deflection) of meso-
pelagic fish in October 197]1. The survey routes are inticated.




11

Table 5

Integrated echo intensidies and corresponding estimated
abundance of M. muelleri in the areas shown in Fig. 7-16.
Brackets indicate that the value is estimated using the data
given in Table 3.

Integrated echo

intensities Abundance
mm/n.mile x n.mile estimates 3
Year Month Fig. ' G6.0. Sars, Johan Hjort tonnes x 10
1971 10 7 1.6 % 10, 156
1972 6~7 8 3.9 x lO4 380
9-10 9 2.0 x 10 5 5 20
1973 5 10 (3,4 x lg )y 1.3 x 10 110
10 11 2.5 x 106 78
1974 11-12 12 1.0 x 104 187
1975 4-5 13 9.0 x 10 4 47
5-6 14 (2.2 x 105) 6.0 x lO5 114
1976 5-6 15 (2.4 x 18 ) 3.0 x 10 240
11-12 16 1.6 x 10 1600
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Fig. 8. Integrated echo intensities (mm deflection) of meso-
pelagic fish in June-July 1972. The survey routes are indicated
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Fig. 9. Integrated echo intensities (mm deflectin) of meso-
pelagic fish in September-October 1972. The survey routes are
indicated,

1973. A cruise covering the area from the western part of
Skagerrak to about 62°N was conducted during May, and another
coverage of the same area took place during October, but only
to about 60°N.

During the first of these cruises (Fig. 10) the mesopelagic
fish had a restricted distribution area along the western slope
of the Norwegian Deep, from about 59°N and northwards.

During the second cruise the distribution was more souterly
(Fig. 11). During both cruises the density was low, and total
abundance was estimated to be 110 000 and 78 000 tonnes respec-
tively.

1974. A cruise covering the area from Skagerrak to about




Fig. 10. Integrated echo intensities (mm deflection) of meso-
pelagic fish in May 1973. The survey routes are indicated.
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Fig. 11. Integrated echo intensities (mm deflection) of meso-
pelagic fish in October 1973. The survey routes are indicated.
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" 61°N along the Norwegian Deep and the area north of the Faroe

Islands was conducted during November-December. Mesopelagic

fish were observed in three areas (Fig. 12). In the area off

- south-west Norway the density was low, while denser concentra-

tions (15-25 g/m?) were observed in the two northern areas.
The northern distribution areas stretched beyond the area
covered by the cruises. Within the area covered, the abundance
of mesopelagic fish was about 187 000 tonnes.
1975. The Norwegian Deep from about 6°E to 63°N was covered
during a cruise conducted during April-May, as was the area

extending from 7°E to about 62°N during May-June.

Fig. 12. Integrated echo intensities (mm deflection) of meso-
pelagic fish in Novembe-Decembe 1974. The survey routes are
indicated.
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During the first cruise (Fig. 13) dense concentrations were
observed from about 61°N and northwards. The highest average
concentrations observed over five miles were 160 g/m?. The

estimated abundance in the area covered was 114 000 tonnes, but

T T
4 3 2 1 0 ' 2 3 &

Fig. 13. Integrated echo intensities (mm deflection) of meso-
pelagic fish in April-May 1975. The survey routes are indicated

the northern extension of the distribution area is not known.

buring the last cruise, conducted only about a month after
the first one, mesopelagic fish were observed south of about
61°N (Fig. 14), but the concentrations were still very low and
the abundance was about 47 000 tonnes. The northern area, where
the best recordings were made during the first cruise, was not
covered.

1976. A cruise covering the Norwegian Deep from about 7°E
and northwards and the area north of the North Sea plateau was
conducted during May-June, and one covering Skagerrak, the
Norwegian Deep and the area north of the North Sea plateau up
to about 63°N was carried out during November-December.

During the first cruise (Fig. 15) mesopelagic fish were
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Fig. l14. Integrated echo intensities (mm deflection) of meso-

pelagic fish in May-June 1975. The survey routes are indicated.

Fig. 15. Integrated echo intensities (mm deflection) of meso-
pelagic fish in May-June 1976. The survey routes ar indicated.
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recorded off south-western Norway with densities of about 30
g/m? in a narrow band along both sides of the Norwegian Deep.
The total abundance was about 240 000 tonnes.

During the last cruise, mesopelagic fish were found in one
area south of Norway (Fig. 16) and in one area from about 60°N
and northwards. The extentions of this area are not known. In
the northern part of the area there were densities above 35
g/m? over several hundred square nautical miles and the highest
five mile average was about 300 g/m? . The total abundance

within the area studies was 1600 000 tonnes.

62~
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Fig. 16. Integrated echo intensities (mm deflection) of meso-

pelagic fish in November-December 1976. the survey routes are
indicated.

DISCUSSION

An abundance assessment of the type used in the present

study has many serious sources of error. Some of the problems




18

involved in the use of acoustical methods for estimating abun-
dance of mesopelagic fish is discussed by Gjgsater (198lc) and
Aglen et al. (1982).Probably the most important ones are the
difficulties in segregating echoes of mesopelagic fish from
other organisms and to establish a density coefficient for the
echo recordings.

In the areas studied, mesopelagic fish often occurred to-
gether with krill. To separate them, recordings from the 38 kHz
echo sounders were compared to those from the 120 kHz sounders,
and the trawl catches were studied. Probably the separations

were not always very accurate; krill, however, give much less

echo than fish of comparable biomass (Beamish 1971). s

In the present study the conversions of integrated echo
abundance to fish biomass may be the most important source of
error. When fish length is much larger than wave length, a
relationship is established (e.g. Nakken and Olsen 1977), but
there is doubt about what happens when fish length approaches
wave length (approximately 4 cm for 38 kHz). The present calcu-
lations assume that the eguation Pa = CM + d is applicable to
all length 'groups considered. The density coefficient (C)} for
mesopelagic fish is not known and therefore that for capelin
(Mallotus villosus) has been used. This may be acceptable for
Maurolicus meulleri but it may lead to an underestimation of
the quantity of Notoscopelus kroeyeri since the latter
species has fat in the swimbladder and therefore is believed to
reflect less sound energy.

The density coefficient is also dependent on the size of the
fish concerned, but the variations in size of one of the most .
important fish, Maurolicus muelleri, is not sufficiently
known to compensate for this. Therefore, a constant mean length
was used for this species.

As the density coefficient changed during the period of
investigation (Table 2}, the integrated echo intensities and
the isolines shown in Fig. 1-5 and 7-16 are not directly com-
parable. The abundance of fish corresponding to a given isoline
will be about five times higher in 1971 and 1972 than in 1974.

West of the British Isles all the cruises were carried out

during spring and nothing is therefore known about the seasonal
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variation in abundance. Notoscopelus kroeyeri, which seems to
be the most abundant mesopelagic fish during the cruises,
appears to be expatriated, but it is not known from where the
population is recruited (Gjgsater 198la).

Off western Norway five cruises were carried out during the
period April-July, and five during October-December. The vari-
ance within a season was larger than the difference between
seasons and there was no consistent trend in the differences.

The data available do not suggest any seasonal migration
pattern. The distribution of eggs and larvae also suggests that
M, muelleri spawns over wide areas and has no special spawning
migration (Gjgsater 1981b).

Mesopelagic fish are also present outside the zero iscolines
shown on the maps. The lowest echo intensity recorded was 1
mm/n.mile, and for M. muelleri this corresponds to about 0.03
fish/m? in 1974, 0.06 fish/m?® in 1973 and about 0.2 fish/m? in
the other years. For N. Rroeyeri the values will be about
four times lower, but this is still higher than the density
commonly observed in deep scattering layers in the open ocean
(Batzler and Pickwell 1971).

Generally, the fish densities observed during the present
investigations were lower than those observed in the highly
productive areas in the Arabian Sea (Gjgszter 1984) and off
north-west Africa (Gjgszter and Blindheim 1982). However, -the
densities were sometimes high enough to be interesting from a
fisheries point of view.

In March 1972 Olsen (1972) did some expioratory fishing for
M. muelleri in an area about 61°N 2°E, but the catches were
small (maximum one tonne/3 hrs.) as the mesh size of the trawl
was too large. Exploratory fishing for M. muelleri off
Australia has been characterized as promising,.although the

catches so far have been low (Anon. 1977).

ACKNOWLEDGEMENTS

Thé material used was collected by the research vessels of

the Institute of Marine Research, Bergen, and I am most thank-




20

ful to the Director, Mr. G. Sztersdal, and the staff members
Mr. H. Jakupsstovu, Mr. J. Lahn-Johannessen, Mr. R. Ljgen and
Mr, O. Nakken for allowing me to use the material and for kind
éooperation.

I also wish to thank Miss I.M., Beck for able assistance
during this work, Mr. H, Ullebust for drawing the figures, Dr.
0. Drageéund and Mr. O. Nakken for helpful comments on the
manuscript and Miss C.>Hamilton for corrections to the English
text.

This study was supported by the Norwegian Council for

Fisheries Research.

REFERENCES

Aglen, A., Gjgsater, J. and Tilseth, S. 1982. Surveys of meso-
pelagic fish resources in the Gulf of Oman and the Gulf of
Aden Jul-Aug 1979 and Jan-Feb 1981. Reports on Surveys with
the R/V "Dr. Fridtjof Nansen". Institute of Marine Research,
Bergen, 70 pp.

Anon. 1977. Courageous investigates the distribution and be-
haviour of light fish. Australian Fisheries, 36: 25-27.

Batzler, W.E. and Pickwell, G.V. 1971. Resonant acoustic
scattering from gas-bladder fishes. In: Farquhar, G.B.
(Editor), Proceedings on an International Symposium on
Biological Sound Scattering in the Ocean. Maury Center for
Ocean Science, Washington, Rept No. 005: 168-178.

Beamish, P. 1971. Acoustic scattering from 2zooplanktonic orga-
nisms. In: Farquhar, G.B. (Editor), Proceedings on an Inter-
national Symposium on Biological Sound Scattering in the
Ocean. Maury Center for Ocean Sciences, Washington, Rept No.
005: 474-475.

Blindheim, J., Hamre, J., Revheim, A., Vestnes, G. og @stvedt,
0.J. 1971. Undersgkelser av fiskeforekomster i omrddet vest
av de Britiske @yer i oktober 1970. (Fish survey west of the
British Isles in October 1970). Fiskets Gang, 57: 44-48.

Bone, Q. 1973. A note on the buoyancy of some lantern-fishes
(Myctophoidei). J. mar. biol. Ass. U.K., 53: 752-761.

Buzeta, R. and Nakken, O. 1975. Abundance estimates of the
spawning stock of blue whiting (Micromesistius poutassou
Risso, 1810) in the area west of the British Isles in 1972-
1974. FiskDir. Skr. Ser. HavUnders., 16: 245-257.

Dommasnes, A.,, Nakken, 0. og Rgttingen, I. 1976. Loddeunder-
sgkelser i Barentshavet 1 september-oktober 1975. (Capelin
investigatins in the Barents Sea in September-October 1975).
Fiskets Gang, 62: 101-108.

Dommasnes, A. og Rgttingen, I. 1977. Loddeundersgkelser i
Barentshavet i september-oktober 1976. (Capelin investiga-
tions in the Barents Sea in September-October 1976). Fisken
Hav., 77: 47-59.




21

Forbes, S.T. and Nakken, O. (Editors). 1972. Manual for methods
for fisheries resources survey and appraisal, part 2. The
use of acoustic instruments for fish detecting and abundance
estimation. FAO Man. Fish, Sci., 5: 1-138.

Gjgszter, J. 198la. Life history and ecology of the myctophid
fish Notoscopelus kroeyeri from the north-east Atlantic.
FiskDir. Skr. Ser. HavUnders., 17: 133-152.

Gjpsater, J. 1981b, Life history and ecology of Maurcolicus
muelleri (Gonostomatidae) in Norwegian waters. FiskDir.

Skr. Ser. HavUnders., 17: 109-131.

Gjgsazter, J. 198lc. Abundance and production of lantern fish
(Myctophidae) in the western and northern Arabean Sea.
FiskDir. Skr. Ser. HavUnders., 17: 215-251.

Gjgs=ter, J. 1984. Mesopelagic fish, a large potential resource
in the Arabian Sea. Deep Sea Res., 31: 1019-1035,

Gjgsater, J. and Blindheim, J. 1982. Observations on mesope-
lagic fish off north-west Africa between 16° and 27°N.

Rapp. P.-v. Réun, Cons. int. Explor. Mer, 180: 391-398,

Gjgsater, J. and Kawaguchi, K. 1980. A review of the world
resources of mesopelagic fish. FAO Fish. Techn. Paper, 193:
1-151.

Gulland, J. 1983. World resources of fisheries and their
management. In: Kinne, O. (Editor), Marine Ecology, Vol. V,
part 2, John Wiley and Sons. N.Y., pp.839-1061.

Hamre, J. og Nakken, O. 1970. Akustiske og biologiske under-
sgkelser 1 Nordsjgen og Skagerrak i februar-mars 1970.
(Acoustical and biological investigations in the North Sea
and Skagerrak in February-March 1970). Fiskets Gang, 56:
477-482.

Hamre, J. og Nakken, 0O, 1971, Undersgkelser av fiskeforekomster
1 Nordsjgen og Skagerrak i september 1970. (An echo survey
in the North Sea and Skagerrak in September 1970). Fiskets
Gang, 57; 64-68,

Hamre, J. og Rgttingen, I. 1977. Loddeundersgkelser i Barents-
havet 1 juni~juli 1976, (Capelin investigations in the
Barents Sea in June-July 1976). Fisken Hav., 1977(2): 35-46.

Iversen, S.A., Jakupsstovu, S.H., Lahn-Johannessen, J., Ljgen,
R. og Danielssen, D.S. 1974. Hydrografiske undersgkelser og
kartlegging av plankton og fiskefordeling i Nordsjgen og
Norskehavet i juni-juli 1972. (Investigatins on hydrography,
plankton and fish distribution in the North Sea in June-July
1972). Fiskets Gang, 60: 407-417,

Jakupsstovu, S.H. 1974. Kolmuleundersgkelser i Nordsjgen 1970 -
1973. (Blue whiting investigations in the North Sea 1970 -
1973). Fiskets Gang, 60: 770-780,

Jakupsstovu, S.H. og Midttun, L. 1972. Kolmuleundersgkelser
nordvest for de Britiske dyer 1 februar-mars 1972. (Blue
whiting surveys northwest of the British Isles in March-
April 1973). Fiskets Gang, 59: 784-789.

Jakupsstovu, S.H. og Midttun, L. 1977. KolmuleundersgKelser
nordvest av de Britiske @yer i mal 1975 og mars-april 1976.
(Blue whiting investigations northwest of the British Isles
in May 1975 and March-April 1976). Fisk. Hav. 1977, 1: 15-
20,




22

Jakupsstovu, S.H., Olsen, K. og Midttun, L. 1974. Kolmuleunder-
sgkelser nordvest for De Britiske gyer i mars-april 1973.
(Blue whiting investigations north-west of the British Isles
in March-April 1973). Fiskets Gang, 59: 784-789.

Kismul, H. 1975. Report on oceanographic cruises and data
stations 1974. Fiskeridirektoratets Havforskningsinstitutt,
Bergen, 37 pp.

Kismul, H. 1976. Report on oceanographic cruises and data
stations 1975. Fiskeridirektoratets Havforskningsinstitutt,
Bergen, 46 pp.

Kismul, H. 1977. Report on oceanographic cruises and data
stations 1976. Fiskeridirektoratets Havforskningsinstitutt,
Bergen,; 46 pp. :

Midttun, L. and Nakken, O. 1977. Some results of abundance
estimations studies with echo integrators. Rapp. P.-v. Réun.
Cons. int. Explor. Mer, 170: 253-258.

Nakken, O. and Dommasnes, A. 1975. The application of an echo
integration system in investigations of the Barents Sea
capelin (Mallotus villosus Muller) 1971-1974. Coun. Meet,
int. Coun. Explor. Sea 1975 (B:25): 1-20 (Mimeo.)

Nakken, O. and Olsen, K. 1977. Target strength measurements of
fish. Rapp. P.-v. Réun., Cons. int. Explor. Mer, 170: 52-69.

Olsen, H.E. 1972. Rapport fra tokt med M/S "Feiebas" H-III-FE
fra 29.1 - 27.3 1972 til omradet Nordsjgen, Shetland og
Rona. Rapport over forsgksfiske. Fiskeridirektoratet, Bergen
1972 (1): 24-26.

Zahuranec, B.J. and Pugh, W.L. 1971. Biological results from
.scattering layer investigations in the Norwegian Sea. In:
Farquhar, G.B. (Editor), Proceedings of an International
Symposium on Biological Sound Scattering in the ‘Ocean. Maury
Center for Ocean Science, Washington. Rept No 005: 360-378.




