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ABSTRACT

Grounds and periods of redfish spawning as well as factors influ-—
encing it were specified by data of ichthyoplankton surveys, con-
ducted in the north-eastern Horwegian Sea and south-western Barents
Sea in April-Jduly 1959-1900, and by data of distribution of both
Sebastes marinus and Scbastes mentella spawning females in March-
June, 1959-90.

It was revealed that the mass spawning of redfish takes ploce in
spring/summer: S. mentella - in April/May and 3. marinus - from

the end of April to June. The main area of larvae extrusion of"

'S. mentella is the Kopytov Bank and that of 8. m:rinus is the

Lofoten Shallows. The general feature for all spawning areas is that
they are located along the warm streams of the Bastern Branch ol

Y

the Norwegian Current.

S. menbtella larvae arc mainly concentrated in the 0-50 m layer and

S. marinus larvae - in the 0-25 m layer. The biggest number of

larvae are noted in the areas: for S. mentella - with temperature

\ . 0 . . ;
of 500 and more and for S. marinus - 6-~7 C. There is a direct

dependence between the larvae abundance and water lemperature.
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INTRODUCTION

There are three species of redfish dwelling in the North-Eastern
Atlantic and differring from cach other by several. morphological
features and modes of life: Sebastes mentella Traw1n, Sebastes

- marinus L. and Sebastes viviparus Krgner (Travin, 1960). Redfish

:_Species from Sebastes genus are'related to viviparous fish. Their
‘spawning grounds can be determlned by occurrlng spawning femaleo
or just extruded larvae. '

‘Information on geographical distribution of redfish at early

stages of development nearby the Northern Norway coast and along -
the continental slope has appeared in the end of the previous
century and was firstly presented in Corlett works (Anon., 49“4)
Ganevig (1919) was engaged in this problem a llttle bit later. Both
authors just stated about the larvae of 7-10 mm presence in plankton.
Beglnnlng from 1934, the Polar Institute collects and analysea data
on blology of marine redfish including the spawning perlod and

. early stages of_development (Veschezerov, 1944; Lauloy,-4944,

Baranenkova et al., 1970; Mukhina, 1983%; Mukhina et al., 1986).
Redfish reproduct themselves nainly outs 1de the Barents Sea.

- Prespawning female concentratlong of S. marinus were detected
not ‘far from the Lofoten .Islands in the area limited bv 71 oy 1n
the north (Baranenkova et al., 1956; Wiborg, 1958) and. those of
S.. mentella — in the Kopytov arca (Sorokin, 19>6 1960; Sorkin,
1961; Borodatov et al., 1960; Corlett, 1961). The qucutlon of
redfish. larvae extru51on sites can not be conolderod as solved

since larvae .. often occure in the areas where adult spePLmona
were not detected. Besides, grounds and periods of redflgh spawning
coincides in some areas._.Identificotion of larvae'ig dlfflcu1t
because. of the absence of expressed gpec1eu features.

At present, relatiVOly réliable species feature of fedfish at the.
early onthogenesis is the length of an embrio extrudcd'from an egg
in a female ovary not long before the extrusion (the 1nlarva stage
of deveIOpment) The length of S. marinus embrio is 6-8 mm, that
of S. mentella is 7-9 mm and of S. viviparus is 4-5 mm (Barsukov
et al., 1984; Power, 1985). Due to our obuerVatlons, the portion
of S. viviparus larvae (4-5 mm long) does not exceed 3-3% in



average during the years of investigations, since materials only
on S. mentella and 8. marinus are presented.

The aim of the paper is to summerize long-term data on distribution
of marine redfish species at early stages of development, specifying
their svawning grounds and revealing the environment factors influ-
encing them. ' - ‘

MATERIAL AND MEIHODS

Materlalu of 1chthyoplank ;on surveys conducted in the north-eastern
Norwegian Sea and south-western Barents Sea in April/duly, 1950-90
are presented. Collection and processing of materials were done by
the standard methods accepted in PINRO (Baranenkova, 1961). Larvae
length at the moment of extrusion corresponds to that at the in-
larva stage. Lengths at’ the inlarva stage both in S. mentella and
S+ marinus are similar, since the initial length of extruded
larvae is accepted as minimum length of each species which is 6-7
mm. The srawning grounds were determined by distributional density
of larvae 6-7 mm long in April/May and June/July, 1959-1990 and

of spawning females of both 8. mentella and S. marinus with gonads
at VIII stage of maturity in March/June. To specify periods of °
~larvae extrusion, data of SEB PINRO Laboratory of Ground Fish on
maturity of redfish females on the svnawning grounds in January/
July, 1976-1986 are presented. The mean number of larvac per 1
catch by the IKS-80 net was .accepted as their abundance factor,
and the logarithm of the latter was used during mathematical
calculations. '

Mean water temperatures of Lhe Eastern Branch of the lorwegian
Current in the 0-50, 0-200, 0-S00 and 200-500 m layers (10-C and

1 sections) in April/lay and of the Main Branch of the North Cape
Current in the 0-50 and 0-200 m layers (2-A section: ) in June, as
well as the long-term water temperature in the 0-50 m layer in
April/July in the area covered by the ichthyoplankton survey, were
accepted as indices of water thermal status in the spawming grounds

Long-term series of observations allowed to use the linear corre-
lation method and to evaluate the density of relation betwcen
larvae abundance and water tenperature.



DISCUSSION | -

1

Long~term observations have shown that spawninglgrounds and
periods of both S. mentella and S. marinus dwelling in the
Barents Sea are mainly different. Spawning areas of cvery species
are quite wide.’ ) E

Seﬁastes mentella. Spawhing or running females occur in ‘the
areas along the continental slope to the Bear\Bank, and eastwards
along the Norwegian coast to the Tinnmarken Bank. Mass female
concentrations are observed on the Kopytov Bank over_the.BOO -
depth, usually (Fig. 1A). Upto 77% of mature females total number
in the Barents Sea are concentrated in this area (Fig. 2). The
spawning dynamics- on the wide arca has its peculiaritics. It was
revealcd during the comparison of running females by months and
areas that in March in the area from the Rgst to Sgre Banks the
females ready for larvae extrusion constitutes 63%, in the arca

" of the Kopytov Bank - 17%, and the Bear Bank ground - 5% (Fig.

2A). In April, the mass spawning is observed on the Kopytov Banlk,
the portion of the running females constitutes'75%, nearby the
Norwegian coast - 36% and on the Bear Bank - 62% (Fig. 3%B). In
May, the abundance of running females reduces sgharply: there is
not more than 1% nearby the Norwegian coast, 11% in the Kopytov
area and %1% in the Bear area; in June, the running females were
presented as single specimens (2 spec.) on the Fuglgya and Bear
Banks only (Tig. 3CD). The main number of running females are
caught in March/April (Table 2). Thus, the mass spawning of

S. mentella begins in the areas nearby the-Nbrwegian'coast and
moves gradua}ly to the north.

Analysis of maps of 6-7 mm larvae distribution in April/May and
§.'mente11a spavning females has shown the similarity of their
geographical location, therefore larvae caught at this time can
be related to S. mentella (Figs. 1A and bA) . Ab this, a peculi-
arity was noted: larvae area in relation to the area of spawning
females occupies the western location over £00 m depths predomi-
nantly. This peciliarity is connected with the surface layers
dynamics in the area and will be diseussed further.

N



Thus, mass Spawning of S. mentél;g in the north-castern

~ Norwegian Sea and adjacent parts of the Barents Sca tukes pldce

in spring. It bcging in March nearby the northern coast of Jorwdy'
with peak in Anrll in the Kopytov arca and ends in.May on the Bear
‘Bank. The main area of ldrvae extrusion 10 the Kopytov Banx..

S. marinus. 'he area of 5. marinus larVae'extrusibn.iS"rather
large in the North Atlantic. They spawn mannlv in May/July FA
(Henderson ot al., 196”) U;lng temperature curves, Taning (1949)
outlined the possible boundarics of larvae extrusion sites off
shore in the'Norwegian,Sca in the area of the Faroe Isla, Scot-
land and Norwegian coast. .Wiborq (1959) has proved this suggestion
by reveallng 6—7 mm larvae in the Norweglan and Loioten ohallOW“
betbween 66 - 70 30'N and 02—45 L in the end of May.

According to our daﬁa, S.marinus females in the pre-spawning
period occur in the areas northwards from the Halten Bank along
the coast of Norway to central areas of the Kopytov Bank and
northwards and north-castwards to the Demidov Bank and V eobern
Coastal Area. The main area of maturec female concontrations ia
the Lofoten Shallows (from Traena to Malang Banks)‘withhdepthsf
of 100-250 m, close continental shelf and active dyndmicai brocc”
sses in waber layers (Fig.:ﬂB) In this arbu, the portlon of
mature females constitutes 93k of all mature femeles by all .
areas (Fig. 2) in the Lofoten Shallows. Mass spawning begins

'in the end of‘April. Running females constitute there 637

(Fig. 5A): There are no data on female maturity in May, Lherc—’
fore we can only s b&cot thdb the 1nten01ty of qbawnlnb in thlo
month is similar to that of Aprll. In-June,kg. marinus spawning
continues in the northern areas of the‘spaWniﬁg grOund,‘and run-
ning females on the Kopytov Bank constitute 31% "(Fig. 5B). Suc-
cession of larvae extrusion by afeas'is.also observed in $. mari-
nus as well. The Spawning period of this species is proionged

to compare with S. mentella. Data for January/July show thau 
females with gonads at IX mabture stage occur in 1arée numbgr -
(upto 32%) still in June (Table 3). e

The compariébn of areas of 6-7 mm larvae in Junc-July and spavi-
ning femaleé of S. ‘marinus has shown their céin.cidonc’e;(}?‘ig.' 1B
and 4B). The main number ol larvae was caught on the constal

banks, but because of thc currents system, theif’major:numbcf“



was caught in deep off shore areas.

Thus, 1n the north~eautern part of the ‘Norwegian Sea and adjacent

areas of the Barents Sea, spring/summer mass spawning of 5. mari-

nus takes place 1n the end of Aoril/liay on the Lofoten Shallows

and in June - on the Kopytov Bank. 7o compare with S. mentella,
the Spawning peridd of S. marinus ig more prolonved That is why
6-7 mm larvae caught in June/July in the arca of Lho northern
coaot of Norway belon? mainly to S. marinus. -

Tt is seen from the compar:son of areas and perlods of spawning

“of redfish as well as 6-~7 mm larvac distributions that they co-
incide on the Nalangen Bank and adjacent areas. Therefore, females

both of S. marinus and S. mentella can spavn there simultancously,
and it practically ie impossible to determine to which species
larvae from the "mixed" area beclong.:

It is known that the North Atlantic redfish spawn nearby the
cdntinental shelf edge, along warm currcnts, in the areas with
active dynamics of water (Maslov, 1Q44; Veschezerov, TO44;
Taning, 1949). ' -

Longéterm observations of redfish distributions at early stages
of ontdgenesis.in the Norwegian Sea and adjacent waters of the
Borents Sea have shown that larvae area does nobt change practica-
1ly. Large amount of larvae (more than £0%) is caught after ex-
trusion over depths of more than £00 m (Fig. &, table 1).

In addition to the wide horizontal distribution, there are areas

. within the spawning ground vhere larvaec concentrate: the Kopytov

and Malangen Banks in spring and banks of the Lofoten Shallows

in summer (Fig. 4). Peculiarities of larvae distribution can be
explained by the fact that both 8. marinus and S. mentella exbtrude
larvae in warm waters of the Eastern Branch of the Horwegian
Current, by the unequalness of pre-—snawn:‘um female distributions
on the snawnlng grounds and by the nearncess of the consinental

‘ slope to the larvae extrusion areas. In lattefs, especially on

soawnlng grounds close to Lofoten, there is a system of vortices
and:varlouo floods with different spceds (TantSyura, 1959) be-
cause of the complex bottom reiief, rich run off of the land
waters and advection processes. Speed in the upper layer (0-10 n)
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of Lhe Lofoten shallow waters constitutes. 14—2& cn/s and on the
Kopvtov Bank - 9-12 cm/s. This results in formatlon of anticyc-
lonic vortices in which organisms at the pelaglc otage of deve-
lopment appear (Mukhina et al., 19873 Kovisova et‘al;,.4989).

Geographical location of spawning gfounds and dynamicalAprocesécs
of waters influence not only on the spatial but on the vertical
larvae distribution which are caught in the Norwegian Sea in the
0-200 m layer. At that, the main part of larvae (upto 75%) concen-
trate in the 25-100 m layer. Length compositions of larvae caught .
over large and small depths are identicai (Hansen et al., 1959;
Dietrich et al., 1961). According to our ddta, the vertical dig=-
tributions of similar length larvae of $S. marinus and §.’hentella
are different. In April/May, S. mentella larvae of 6-7 mm are
predomlnantly in the O—FO m layer at temperature of 1,97, EOC.

In June/July, S. marinus larvae are in the O—Rb m layer ab tcmpe-
rature of 6.5-7. 8°C (Table M)

Larvae abundance analysis in the 0—25.and O;ﬁo m layers has

shown that the water density does not influence their VePthdl
distribution. Because of depths being smaller and flood opGCdu
and temperatures being highen, S. marinus larvae. on the nawnlne
grounds inertially in water laycrs hlgher than S. menbella ]arvae.

Apparently both the horizontal and'vertical dietribdtione of -
redfish larvae are mainly debermined by the nearness of the
spawning grounds to the continental shelf and by the water_"
dynamics of the Eastern Branch"of the Norwegian Current.

In the North Atlantic in the Sebastes renroductlon sites, the
main larvac concentrations are observed in the upper lﬁyerq‘nt
temperature of 5-6 °c for o; mentella and 6-=7°C for 8. marinus
(Zakharov, 1969; Magnusson, - 1962; Herra, 1989). In the Norwegian
and adjacent waters of the Barents Sea this tendency in the
‘biology of redfish al early neriod of life remainJ.'In April/
May, the main number of 67 mm 1&rvae is caught at 5 °¢ and
higher and 1n June/July - at 6—7 C. It is imporbtant to. note

that unawnlne females of both svccies distribute, ab Lhe. same
temperatures (Fig. 1 and 4). To evaluate quantltatlvoly relatxong




B
between water températures on the spawning grounds and abundance
of redfish at the larval stage of ontogenesis, hydrological scctions
were chosen: in Apfil/May, those which 1limit the main areas of
S. mentella extrusion from the north (10-C) and south (1); and in
Juné/July,;2—A section adjoining to the northern border of
S. marinus area (Mukhina, in press). ‘

In April/May, the density of relation between the abundance of 6-7

mm larvae and water temperaturce in the spawning grounds (10-C scction,
- 0-50, 0-200 and 0-500 m layers; section 71, u=50 and 0-200 m layers)

is expressed by the correlation coefficients r = 0.78, r© = 0.73,

r = 0,69, r = 0.68, v = 0,67 at n = 22 and P = 0.05, correspondingly;
in June/July, correlation coefficients for section 2-A, 0-50 and

200 m layers are equel to 0.65 and10.65 atn = 22 and P = 0.05,
correSpondingly. ~ ‘ ‘ | | - '

Values of these dependences show that there is a direct connection
between extruded larvae abundance and water temperaturec on spav—
ning grounds.

It is known from literature that during spawning,'redfish females
dwell at various depths,'namoly,-é. nentella - at 500-400 m depth
and S. marinus - at 140-270 m (Andriyashev, 1954).

In addition, ocur WOrking results prove it and determine morc accurs-
tely the depth lower which redfish females do not extrude larvae.
Temperatures of SOC are distributed down to 250-300 m depths in the )
Kopytov area in April/May and 6-7°C - to 100-200 m in the Lofoten "
Shallows in June/July. It means that S. mentella femalcs can extrude
larvae in the depth not more than 300 m and S. marinus - not more
than 200 m. ‘

CONCLUSIONS |
1. Redfishkdwelling in the Barents Sea spawn mainly out of it.
2. Mass spawning of redfish takes place in spring/summer:

S. mentella - in April/May and S. narinus - from the end of April

to June.
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3. The main arca of S. mentella larvae extrusion is the Kopytov
Bank and that of S. marinus is the Lofoten Shallows. The Malangen
Bank and its adjacent parts are "mixed" spawning grounds of both
species. The general feature for all spawning grounds is that they
are located along warm floods of the Eastern Branch of the Norwe-
gian Current. ' '

4, GeographiCal position of spawning grounds , namely, nearness

of continental slope,: and high water speeds in the Eastern Branch
of the Norwegién Current inflﬁence the spatial and vertical distri-
bution of redfish larvae. Large amount of larvae occur in the off
shore areas immediately after extrusion where depths are more than
500 m ( 50%);'§. mentella larvae are mainly concentrated in the
0-50 m layer and those of S. marinus - in the 0-25 m layer.

~'5. Larvae concentrations of the youngesﬁ length groups (6~7 mm)

are observed in the areas with 5°C and higher for S. mentella and
6-7°C - for S. marinus. There is a direct dependence between 6-7 mn
larvae abundance and water bemperatures on the spawning grounds.
The relation value is expressed by the correlation coefficients:
they are 0.78-0.67 for S. mentella and 0.65-0.6% for S. marinus

at n = 22 and P = 0.05. ‘

6. S. mentella females can extrude larvae in the‘depths not more
than %00 m and S. marinus - 200 m.
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Table I °

Number of redfish larvae caught over
various depths of the Barents and
Norwegian Seas in April-July 1980-85

. +10I- :20I- :30I-
1200 1300 :500
5099 1260 413

— " ot o S — o S o

50— :I100I-:I50T 200T:2501:
17000 +I5C0 :2000 2500:3000: 3000
II38 TI&L 303 2u6h G4
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Table 2

Percentage of mature females of S, mentella
in the Norwegian and Barents Seas by data
from research vessels in 1976-1986

— o —

Stage of maturity

of females

T N A VIL : JIII_ s It 1311
January I9,4 2,5 - - - 3,3
February . bu,6 22,6 4,5 2,8 - 7,6
March 27,7 53,5 - 52,5 27,3 6,2 10,7
April g,1 20,6 40,6 61,5 7,8 2¢,9

. © May 0,I c,s 2,)_ 7,8 e,7 11,l
' June . - 0,0k 0,04 0,4 ‘7,1 38,4
Total namber 2440 24nz 4o I7ae 560 1B
Table 3
Percentage of mature females of S.marinus
in the Norwegian and Barents Seas by data
* from research vessels in 1976-1986

_ f Stage of maturity
Month Ty JL i yIT  : YII1 : IX & IX-1I
Eanuary - I,4 - - - - 0,7
February 21,2 3,7 - - - I,7
March 36,6 24,7 5,5 0,3 2,8 10,4
April 40,5 7,6 9,0 47,4 5,7 Wi, 9
May - 0,6 2,3 6,3 7,0 7ol
June 0,2 C,4 1,5 46,0 31,7 27,7
July - - - - -\ 7,1
Total number — grg 7180 60 665 10 295
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MTable 4

Vertical distribution of 6-7 mm redfish
larvae in 1971, 1975 and 1981

——

April/NMay } June/July

Areas 0 25 M 50 0 025 K0
Malangen Bank 26 6% 27 2% 4
Vesteraalen Bank 5 19 166 141 eb4 . 24
Rfst Bank - I 8 38 273 235 -
Andgy Bank I0L I4v 431 L. 255 6
Fuglfya Bank 6 3 84 105 132 1
Kopytov area - :
(down to 500 m) 3 2o 292 fes 146 3
Sgre Bank - - - i 4 -
Norwegian Deep - - 3 60  I26 -
Nordkyn Bank - I 2 - 2 -
Offshore areas . .
Southern slope - - I _ 13 I
0of Bear Bank .

- Western Slope - B - - L _
of Bear Bank
No. of spec. 286 508 3024 625 2383 50




Fig.1. Females distribution of S.mentella in March-May =
and water temperature distribution in April-liay (4);
females distribution of S.marinus in March-June and

. water temperature distribution in June-~July (B) :

1 - females with gonads at VIII stage of maturity,
2 - isotherm in O~-50 m layer, °C
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Fig.2. Percentage of mature females of S.mentella (A)

and S.marinus (B) by areas in 1976~1986:

I - Kopytov Bank; 2 - Northern coast of Norway
(Halten, Traena, Rést, Vesteraalen, Anddy,
Malangen, Sgre, Fugldya banks); 3 - Norwegian
Deep, Nordkyn, Demidov, Finnmarken. and Kildin
bamks; the VWestern Coastal Area; 4 — Western
and Southern slopes of the Bear Bank, Western
Deep, Western Spitsbergen _
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