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ABSTRACT

Serebryakov, V.P. and Aldonov V.K., 1984. Spawning grounds of
“ the Arcto-Norwegian cod outside Vestfjorden. In: E. Dahl,
D.S. Danielssen, E. Moksness and P. Solemdal (Editors), The
Propagation of Cod Gadus morhua L. Plgdevigen rapportser.,
1, 1984: 479-500.

The spawning area of the Arcto-Norwegian cod is vast, ex-
tending from 62°N to 74°30'N in the area investigated.

Localities characterized by an intensive rate of spawning
are in the Norwegian Sea over the Langgrunnen, Buagrunnen,
Halten, Rgst, Vesterdlen, Andgy, Malangen and Fuglgy Banks, in
the shelf slope area and in the open sea over great depths. The
position of spawning grounds and the intensity of spawning in
the area vary from year to year.

Various positions of spawning grounds are grouped into three
types: Type 1 - the main spawning grounds are only in the areas
of banks near the shore; Type 2 - spawning grounds are both in
the areas of banks and in the shelf slope area; Type 3 -
spawning grounds are outside the Norwegian Sea shelf and over
the Malangen Bank.

The position of spawning grounds in the survey area outside
the Vestfjorden is not an indicator of the abundance of year
classes of the Arcto-Norwegian cod.

INTRODUCTION

The fishery for spawning cod off the Norwegian coast and
Kola Peninsula has been in existence since ancient times. The
distribution of the spawning grounds in the area has been des-

cribed by many scientists engaged in the study of the species
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(Hjort, 1902; Damas, 1909; Schmidt, 1909, 1930; Tanasiichuk,
1932; Sund, 1938; Marty, 1939; Maslov, 1944; Rass, 1934, 1949,
and others). Rass made a thorough investigation of the repro-
duction of cod in the Barents Sea where spawning grounds were
found off Murman in the 1930's (Suvorov, 1932; Esipov, 1932;
Tarasov, 1932). The spawning grounds in the Norwegian Sea in
the Vestfjorden area were investigated thoroughly by Wiborg
(1948, 1952, 1954, 1956, 1957) which, as Marty and Martinsen
(1969) pointed out, had been the main spawning grounds of arc-
tic cod since the 1930's. Our knowledge of the spawning grounds
of cod has been, to a large extent, extended by ichthyoplank-
tonic investigations carried out by the Polar Research Insti-
tute of Marine Fisheries and Oceanography (PINRO) (Baranenkova,
1961; Baranenkova and Khokhlina, 1959, 1964; Baranenkova et
al., 1972, 1973, 1976). They indicated that cod spawn inten-
sively north and northeast of the Lofoten outside Vestfjorden.
The spawning intensity in Vestfjorden fluctuated widely from
year to year (Wiborg, 1952, 1960, 1978) which sometimes seemed
to be associated with upwelling induced by southwesterly winds
{Audunson et al., 1981, Ellertsen et. al. 1981). In some years,
as Baranenkova and Khokhlina (1964) noted, the increase in the
abundance of eggs and larvae of cod outside Vestfjorden cor-
responded to a decrease in the abundance of eggs and larvae
inside Vestfjorden. Matérial from the standard ichthyoplank-
tonic surveys of PINRO in the east Norwegian Sea and in the
south-western Barents Sea in 1959-1980 allows a detailed ana-
lyses of changes in the distribution pattern of localities

characterized by an intensive rate of spawning.

MATERIALS AND METHODS

The ichthyoplanktonic surveys were regularly conducted in
April-May from 1959 to 1980 (Fig. 1). At each of 200 stations a
vertical haul was made from the bottom to 0 m if it was less
than 500 m depth or 500-0 m, and horizontal hauls at depths of
0.25 and 50 m when the vessel was under way, moving with a

speed of 2.5 knots. The fishing gear for eggs was a conical net
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Fig. 1. Ichthyoplanktonic surveys in the Norwegian and
south-west Barents Seas in 1959-1980. Dots indicate stations.



482

made of gauze, 0.505 mm mesh, with an 80 cm mouth opening. In
addition, in 1969-1976 another series of ichthyoplanktonic
surveys was made in the Norwegian shallows. The surveys started
alternatively from the Malangen Bank on April 20 or from the
Sving area on April 2-5. The methods of the surveys have been
described in detail (Baranenkova, 1961: Baranenkova and
Khokhlina, 1959; Seliverstov 1972).

In order to compile egg distribution density maps, a special
programme was worked out for a computer equipped with a graph-
plotter. The maps of the distribution density of eggs are pro-
vided only for the northern part of the survey (north of
67°N) as the sampling method in the southern part (south of
67°N) was a little different and did not suit the computer
programme. Data obtained during vertical hauls were compared
with data characterizing horizontal hauls to compile the
distribution density maps of eggs at stage I of development
(according to the scale suggested by Rass in 1946). While
comparing the maps, it was found that patches of highest egg
densities were situated in the same areas on both types of
maps, whereas patches of lowest densities were much more widely
distributed on maps compiled on the basis of data obtained in
horizontal hauls. Proceeding from this, the data from
horizontal hauls were used for findihg spawning areas, and the
data from vertical hauls were used for the assessment of the
total number of eggs in the area surveyed (this material is not
available in the paper).

Stage I of development (from fertilization to embryonic
shield. formation, lasts not more than 5 days at the temperature
of 5-6°C characteristic of the upper layer in the spawning
season of cod and in the period of egg drift (Mukhin and
Dvinina, 1983). Therefore, the maximum error in ascertaining
the time of spawning does not seem to exceed 5 days, and the
maximum error in finding the spawning area may not be more than
60 miles, according to the speeds of currents in the area
investigated (Alekseev and Istoshin, 1956; Audunson et al.,
1981).

Identification of cod eggs of stage I from haddock eggs of

the same stage is always a confusing matter, while eggs of both
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species are easily identifiable at stage II. Therefore the
number of cod eggs at stage I was defined by the percentage
ratio of cod eggs\to haddock eggs at stage II in each sample.
Data on the abundance of three-year-old cod presented in the
Report of the Arctic Fisheries Working Group (Anon., 1983) have
been used to find a criterion for the size of yearclasses. When
the numerical strength of 3-year-olds is over 1000.106 the
yearclass is believed to be abundant, when it is less than
500.106 it is of low abundance. Intermediate values charac-

terize an average yearclass.

RESULTS

Cod eggs at stage I were found practically over the whole
area surveyed. They occurred in the south in the Sving area, in
the north off Bear Island up to 74°30'N and in the east were
encountered at the transect over the Kola meridian. The distri-
bution density of eggs varied from year to year. The highest
densities (over 1000 eggs per horizontal haul near the surface)
were observed in 1959, 1963, 1965, 1969, 1970, 1974 and 1975.
The largest area with the maximum density og/eggs was observed
in 1970 and the smallest area in 1974. The former was on the
Vesterdlen Bank, and the latter in the Kopytov area.

In 1960, 1961, 1962, 1968, 1972, 1976, 1978 and 1980 density
did not exceed 1000 eggs per haul in any areas, but the largest
areas with a lower density (300-1000 eggs) distribution were
found in the Vesterdlen and Andgy Banks areas in 1961.

Each year eggs at stage I were distributed over the Buagrun-
nen, Langgrunnen, Halten Banks, the east part of the Rgst Bank,
Vesterdlen, Andgy, Malangen Banks, the west part of the Fuglgy
Bank and the southwestern part of the Kopytov area (Fig. 2-20).
The maximum hauls of eggs at stage I occurred not only over
banks and in coastal waters, i.e. in relatively shallow waters,
but also far from the banks and coasts in water of 500 or even
1000 m depth near and in the Kopytov area. In 1975, such cases

were registered over oceanic depths (over 1000 m) nearly 80
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miles north of the Lofotens. Besides, eggs at stage I occurred
annually in depths exceeding 400 m (Fig. 15).

The total area where eggs at stage I were distributed varied
from year to year. The widest distribution patterns were obser-
ved in 1962, 1972, 1973, 1974 and 1975 (Fig. 2, 12, 14 and 15)
and the narrowest patterns were registered in 1963 and 1965
(Fig. 6 and 7). No eggs at stage I occurred at northern sta-
tions of the surveys in 1959, 1963 and 1969 (Fig. 2, 6 and 9).

In 1972 ‘and 1974, many more eggs were found in the northeastern

’

part of the area investigated than was usual (Fig. 12 and 14).
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Fig. 2. Distribution of cod eggs at stage 1 in 1959. Legend:
1-7 density distribution ' of eggs per 15 min horizontal haul:
1l = less than 3 eggs, 2 = 4 - 10 eggs, 3 = 11 - 30 eggs, 4 =
31 - 80 eggs, 5 = 81 - 300 eggs, 6 = 300 - 1000 eggs, 7 =
more than 1000 eggs.
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Fig. 3. Distribution of cod eggs at stage 1 in 1960.

' Legend - as
in Fig. 2.

Fig. 4. Distribution of cod eggs at stage 1 in 1961. Legend as
in Fig. 2.
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Fig. 5. Distribution of cod eggs at stage 1 in 1962. Legend as
in Fig. 2.
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Fig. 7. Distribution of cod eggs at stage 1 in 1965. Legend as
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Fig. 8. Distribution of cod eggs at stage 1 in 1968. Legend as
in Fig. 2.
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Fig. 10. Distribution of cod eggs at stage 1 in 1970. Legend as
in Fig. 2.



489

Jao.

2.0 . %9

1.0

70,0
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Fig. 12. Distribution of cod eggs at stage 1 in 1972. Legend as
in Pig. 2.
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Eig. 13. Distribution of cod eggs at stage 1 in 1973. Legend as
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Fig. 14. Distribution of cod eggs at stage 1 in 1974. Legend as
in Fig. 2.
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Fig. 15. Distribution of cod eggs at stage 1 in 1975. Legend as
in Fig. 2.
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Fig. 16. Distribution of cod eggs at stage 1 in 1976. Legend as
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DISCUSSION

Judging from the distribution pattern of eggs at stage I, it
is evident that in all the years when the surveys were made the
spawning area of the Arcto-Norwegian cod was extensive, from
74°30'N off Bear Island to 62°N off the Norwegian coast.

Every year cod spawn intensively over Buagrunnen, Langgrunnen,
Vesteralen, Andgy and Malangen Banks. In some years intensive
spawning was observed over Svingy, Frgya, Halten, Sklinna, Rgst
and Fuglgy Banks, as well as in the open Barents Sea over
depths of 300-500 m and in the open Norwegian Sea over depths
of over 1000 m (Fig. 21).

The assumption that cod spawn over great depth was presented
earlier (Rass, 1949; Baranenkova et al., 1972, 1973, 1976;
Serebryakov, 1965, 1967), but the intensity of spawning was not
discussed. In view of the fact that 2 of the 12 areas charac-
terized by intense spawning were situated over great depths, it
may be concluded that the spawning of cod over great depths is
very important for the reproduction of the Arcto-Norwegian
population in certain years. Particularly so, since the inten-
sity of spawning on other spawning grounds over the banks and
in the inshore water fluctuates greatly.

In the north part of the area investigated (north of 67°N)
in 1959-1980, all the variety of the positions of spawning
grounds can be grouped into three types of repeated situations.

Type 1l: Cod spawn intensively only over banks close to the
shore (Fig. 22). This situation is typical for 1959-1963, 1965,
1968, 1969, 1972, 1979 and 1980 when spawning occurred over the
Rgst, Vesteralen and Malangen Banks.

Type 2: Spawning grounds are situated not only in the bank
area, but on the shelf slope, as if along the slope northward
to the Kopytov area. This situation was observed in 1970, 1973,
1977 and 1978 (Fig. 23).

Type 3: Cod spawn mainly in the coastal zone, primarily on
the Malangen Bank and in the open sea over great depths. This
type was observed in 1971 and 1975 (Fig. 24).

Among the principal factors responsible for fluctuations in

the abundance of yearclasses, Wiborg (1957) stressed the posi-
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Fig. 21. Spawning grounds of cod outside the Vestfjorden.
Legend: 1 - not intensive spawning, 2 - intensive spawning,
occurred every vear, 3 - intensive spawning occurred in some
years. 1000 m isobath is shown.

0 5 10 15° 20" 25 30

] 1 'l .\ Iy s N _75.
0 °
§

S

i

”

T
~]
&

Fig. 22. Type 1 of spawning ground locations. Dotted areas
indicate spawning grounds.
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Fig. 23.

Fig. 24. Type 3 of spawning ground locations.
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tion of spawning grounds. The significance of choosing a fortu-
nate place for spawning eggs, their subsequent drift and, in
the long run, their survival is quite evident and arouses no
doubts. So, let us éonsider how the types of distribution of
spawhing grounds are associated with the abundance of year-
classes of the Arcto-Norwegian cod. Abundant yearclasses emer-
ged in 1963, 1969 and 1970. The 1963 and 1969 yearclasses were
typical of type 1, i.e.spawning over the banks (Fig. 22). The

~abundant 1970 yearclass emerged when principal spawning grounds

were situated in the bank areas and on the shelf slope up to
the Kopytov area, i.e. type 2. Thus, abundant yearclasses may
arise from spawning distributions of types 1 and 2. Poor
yearclasses, however, also appear in such years, e.g. the poor
1960, 1961, 1965, 1968, 1979 and 1980 yearclasses occurred when
spawning distributions were of type 1 and the poor 1977 and
1978 yearclasses when they were of type 2. In other words, both
abundant and poor yearclasses emerged when spawning distribu-
tions were of types 1 and 2. Although type 3 was only observed
for the average 1971 and 1975 yearclasses, average yearclasses
appeared also for type 1 (the 1959, 1962 and 1972 yearclasses)
and type 2 (the 1973 yearclass). It is concluded that, as a
result of a simple comparison of the abundance of yearclasses
with the distribution of spawning grounds where cod spawned
intensively using the data available on the distribution of
eggs at stage 1, no causal relationship between the two pheno-

mena can be established.

ACKNOWLEDGEMENTS

The authors express their heartiest thanks to the late A.S.
Baranenkova for her great efforts and enthusiastic wérk aimed
at starting and conducting regular ichthyoplanktonic surveys in
the Barents and Norwegian Seas, and for providing opportunities
for éxamining the material collected in these surveys. The
authors appreciate highly the efforts of N.S. Khokhlina, G.B.
Sorokina, V.K. Zhuravleva, N.V. Mukhina and N.N. Shevchenko,
PINRO scientists taking part in the surveys and identifying

collected ichthyoplankton for many years.



498

REFERENCES

Alekseev, A.P. and Istoshin B.V., 1956. The diagram of perma-
nent currents in the Norwegian and Greenland Seas. Trudy
PINRO, 9: 1-68. (in Russian).

Anon., 1983, Report of the Arctic Fisheries Working Group.
Coun. Meet. int. Coun. Explor. Sea, 1983 (Assess:2): 1-62.

Audunson, T., Dalen V., Krogstad H., Lie, H.N. and Steinbakke,
P., 1981. Some observations of ocean fronts, waves and
currents in the surface along the Norwegian coast from
satellite images and drifting buoys. In: R. Satre and M.
Mork (Editors), The Norwegian Coastal Current. University of
Bergen, Bergen, pp. 20-56.

Baranenkova, A.S., 1961. To the methods of investigating
commercial species of fish at early stage of development.
Nauchno-tekh. bull. PINRO, N 2-3: 10-13. (in Russian).

Baranenkova, A.S. and Khokhlina, N.S., 1959. The drift of eggs
and fry of the Barents Sea cod from the spawning grounds to
feeding grounds. Nauchno-tekh. bull. PINRO N 1/9: 15-21. (in
Russian).

Baranenkova, A.S. and Khokhlina, N.S., 1964. On conditions of
formation of the Arcto-Norwegian stock of cod (1959, 1960
and 1961 yearclasses). Trudy PINRO, 16: 195-214. (in
Russian) .

Baranenkova, A.S., Sorockina, G.B. and Khokhlina, N.S., 1972.
The distribution and abundance of eggs and larvae of the
Barents Sea fish on spawning grounds and drift routes in
1968. Materialy ryb. khoz. issledovanij severnogo bassejna,
19: 13-79. {(in Russian).

Baranenkova, A.S., Sorokina, V.G. and Khokhlirna, N.S., 1973.
The distribution of eggs and larvae of principal commercial
species of fish in April-May 1969 on drift routes from the
spawning grounds. Trudy PINRO, 33: 34-81. (in Russian).

Baranenkova, A.S., Sorokina, G.V. and Khokhlina, N.S., 1976.
The distribution and abundance of eggs and larvae of
principal commercial species of fish from the Barents Sea in
1970. Trudy PINRO, 37: 92-128. (in Russian).

Damas, D., 1909. Contribution a la biologie des Gadides. Rapp.
P.-v. Réun. Cons. perm. int. Explor. Mer, 10. B 3.

Ellertsen, B., Furnes, G.K., Solemdal, P. and Sundby S., 1981.
Influence of wind induced currents on the distribution of
cod eggs and zooplankton in Vestfjorden. In: R. Satre and
M. Mork (Editors), The Norwegian Coastal Current. Univer-
sity of Bergen, Bergen, pp. 604-628.

Esipov, V.K., 1932. Fishery-biological observations on cod. Sb.
nauchno-promysl. rabot na Murmane: 5-25.

Hjort, J., 1902. Fiskeri og hvalfangst i det nordlige Norge.
Aarsberetn. vedk. Norg. Fisk. 1902(1): 1-251.



499

Marty, J.J., 1939. Materials to the biology of cod off
Murmansk coast. Trudy PINRO, 3: 3-38. (in Russian).

Marty, J.J. and Martinsen, G.V., 1969. Problems of formation
and use of biological production of the Atlantic Ocean.
Moscow, Pishchev. Promyshlennost, 267 pp. (in Russian).

Maslov, N.A., 1944. Barents Sea bottom fish and fishery. Trudy
PINRO, 8: 3-186. (in Russian).

Mukhin, A.I. and Dvinina, E.F., 1983. Long-term fluctuations in
the temperature and salinity of water on the border of the
Norwegian and Barents Seas in the spring-autumn period.

Sb. nauchnykh trudov PINRO, 1982: 98-113. (in Russian).
Rass, T.S., 1934. Spawning, eggs and fry of commercial species
of fish from the Barents Sea. Karelo-Murmanskij kraj N 3:

1-4.

Rass, T.S., 1946. Stages of oogenesis of Teleostomi. Zool.
zhurnal, 25(2): 137-148. (in Russian).

Rass, T.S., 1949. Materials on reproduction of cod and dis- -
tribution of their eggs, larvae and fry in the Barents Sea.
Trudy PINRO, 17: 67-155.

Schmidt, J., 1909. The distribution of the pelagic fry -and the
spawning grounds regions of gadoids in the North Atlantic
from Iceland to Spain. Rapp. P.-v. Réun. Cons. perm. int.
Explor. Mer, 10, N 4.

Schmidt, J., 1930. The Atlantic cod (Gadus callarias L.) and
local races of the same. C-R; de Travaux du Lab. Carlsberg,
18 (6). :

Seliverstov, A.S., 1972. Routes and speed of the drift of
herring larvae and their natural mortality on spawning
grounds in 1969. Materialy ryb.-khoz. issledov. Severnogo
bassejna, 21: 10-25.

Serebryakov, V.P., 1965. Some results of Soviet research work
on ichthyoplankton in the North-West Atlantic: Eggs and
larvae of cod. ICNAF Sp. Publ., 6: 425-433.

Serebryakov, V.P., 1967. Reproduction of cod in the Northwest
Atlantic. Trudy PINRO, 20: 205-242. (in Russian with English
summary) .

Sund, 0., 1938. Die Norwegische Seefischerei. Handb. der
Seefischerei in Nordeuropas, Bd. VIII, Hf. la, 181 pp.

Suvorov, E.K., 1932. Motov Bay as a spawning ground of cod.
Izv. otdel. ikhtiologii i nauchno-promyslovykh issledovanij
13 (2): 13-35. (in Russian).

Tanacijchuk, N., 1932. Spawning of cod off Murmansk. Karelo-
Murmanskij kraj N 5:; 1-6. (in Russian).

Tarasov, N., 1932. Pelagic eggs in spring of 1929. Sb. nauchno-
prom. rabot na Murmane, Moscow: 53-66. (in Russian).

Wiborg, K.F., 1948. Investigations on Cod Larvae in the
Coastal Waters of Northern Norway. Rep. Norw. Fishery Mar.
Invest. 9 (3): 1-27.

Wiborg, K.F., 1952. Forekomst av egg og yngel i nordnorske
kyst- og bankfarvann varen 1950 og 1951. Forelgpig beretning
II. FiskDir. Smaskr. 1952 (1): 1-22.

Wiborg, K.F., 1954. Investigations on Zooplankton in Coastal
and Offshore Waters of Western and Northwestern Norway with
Special References to the Copepods. Rep. Norw. Fishery Mar.
Invest. 11 (1): 1-246.



500

Wiborg, K.F., 1956. Forekomst av fiskeegg og fiskeyngel i nord-
norske farvann varen 1954 og 1955. Forelgpig beretning IV.
FiskDir. Smdskr., 1956 (6): 1-22.

Wiborg, K.F., 1957. Factors Influencing the Size of the Year-
classes in the Arcto-Norwegian Tribe of Cod. FiskDir. Ser.
HavUnders., 11 (8): 5-24.

Wiborg, K.F., 1960. Investigations on Eggs and Larvae of
Commercial Fishes in Norwegian Coastal Waters in 1957-1958.
Rapp. Norw. Fishery Mar. Invest., 12 (7): 1-27.

Wiborg, K.F., 1978. Variations in Zooplankton Volumes at the
Permanent Oceanographic Stations along the Norwegian Coast
and at Weathership Station M(ike) in the Norwegian Sea
during the Years 1949-1972. FiskDir. Skr. Ser. HavUnders.
16, (2): 465-487.

Yudanov, I.G., 1962. The investigation of spawning grounds of
the Atlanto-Scandian herring. Trudy PINRO, 14: 5-49.



