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ABSTRACT 

Pos"iarvae surveys have been earried out in the southwestern part of the 
Barents Sea and the northeastern part of the Norwegian Sea in June/July 
sinee 1971,  The aim of the Investigations has been to study charaeteristic 
distributions of fish larvae and their relation to the distribution of water 
masses, and to establish abundance indiees, I t  has been shown that mesoseale 
features of the larval distribution are  very pronouneed, and that they are  
conneeted to the eurrent features, Therefore the survey strategies was 
ehanged in 1983, and emphasis was laid on the investigation of cod larvae. 
Postlarval cod is espeeially abundant at TromsØflaket due to the reduced 
diffusion by the existence of the anti-cyclonic vortex above the bank. It is 
shown that the eod postlarvae tend to be larger in the western part .  The 
postlarvae and O-group distribution are  discussed and compared, and similar 
features of the two stages a re  found, The postlarvae and O-group indiees are  
discussed and compared , and a eorrelation coefficient of 0.82 was found . 

INTRODUCTION 

The Norwegian shelf constitute important spawning grounds for fish of 
considerable eeonomical interest ,  sueh as Northeast Arctic cod, saithe, capelin 
and Norwegian spring spawning herring (ANON, 1979a), Eggs and larvae of 
these speeles a re  transported northwards and eastwards by the residual 
eurrents , 

The Ins"ctute of Marine Researeh has been sampling fish eggs and larvae 
sinee 1948 at different localities along the Norwegian coast (e .g .  WIBORG 
1960, HOGNESTAD 1969, DRAGESUND 1970, GJØSÆTER and SÆTRE 1974, 
ELEERTSEN et al. 1981, BJuIRKE 1981, 1984, SUNDBU and SOLEMDAL 1984, 
SUNDBY ~ ~ ~ B ~ A T L A N D  1987). The sampling has taken plaee during the 
spring and summer seasons and has partly been aimed a t  the study of single 
species, sueh as  herring and cod, 

Offshore sampling of older larvae (postlarvae) started In 1977. The aim was to 
study the distribution of larvae in June/July and if possible caleulate an 
abundanee index of the different speeies, Results from the period 1977-1983 
and a discussion of the sampllng strategy are presented by BJORKE and 
SUNDBY ( 1984), 

The alm of thls paper Is  to present come of the results of thås work with the 
emphasis on the distribution of cod h. the area $ofoken - Bear Island, and to 
eornpare the results with the 0-group indiees, 



USSR has since 1959 been conducting egg- and larvae-surveys partly 
overlapping the area presented in this work, The sampling periods have been 
AprilIMay and JuneIJuly , e. g .  BARANENKOVA and KOKHLINA ( 1964), 
BARANENKOVA , SOROKINA and KOKHLINA ( 1973), MUKHINA ( 1980) and 
MUMHINA and DVININA ( 1983). 

MATERIALS AND MESHODS 

The geographical distribution of larvae was found by fishing with a midwater 
trawl, A trawl with an effeetive opening of 4 x 10 m was used in 1977, and 
from 1978 until 1985 a trawl with an ogening of 18 x 18 m was used. In 1985 a 
trawl with an opening of 29 x 29 m was introduced. The different types of 
trawls had diminishing mesh sizes towards the end and a 4 m long net with 
mesh size 4 mm (stretched) at the inner part of the cod end (wrongly 
deseribed as 15 mm mesh size in BJQiRKE and SUNDBY,  1984)- Attempts made 
in 1985 to eompare the fishing efficiency between the latter two kinds of 
trawls failed unfortunately, and the only way to eompare the 1985 data with 
those of previous years was to regard the opening of the two trawls. 

Regarding the reduced avoidance for larger gears we used the ratio 2.8: l for 
fishin g efficiency between the lar gest and smallest trawl . 
During the period 1978-1981 two hauls were made at each station, one with 
the headline in 40 and 20 m depth and a towing time of 15 minutes in each 
depth interval. The other hau1 was made at the surface with five big floats 
on the headline. Towing time of this hau1 was 30 minutes. 

Only one kind of hau1 was made at each station from 1982 onwards. From 1982 
until 1985 the depths and towing time were the same as the previous years,  
and five big floats were used on the headline during the haul. The same 
procedure was followed in 1985, but the towing time at each depth interval 
was halved, 

Towing speed during all the years was 2-3 knots. The volume of the filtered 
water is not known. Therefore the computed index is based on the number of 
larvae caught per trawl hour. Hydrographic observations were made with a 
Neil Brown GTD microprofiler down to the bottom or to 500 m depth where 
bottom depths were more than 500 m .  

All the fish larvae were identified, and a subsample of 50 larvae was taken to 
measure the length. 

The results from the six years 1979-1981 and 1983-1985 are plotted on 
horizontal maps, and the indices were estimated by using a planimeter tracing 
the isolines, In 1977 a smaller trawl was used, and in 1978 and 1982 the 
station net was not dense enough to reveal the mesoscale features, and 
therefore the abundance indices for these years are not calculated. From 1983 
the sampling program was stratified to map the mesoscale features more 
correctly . 
The abundance index may be formulated 



where A is  the abundance index 
N is the concentration of larvae expressed as number caught per trawl 

hour 
x and y are the geographical coordinates. 

6 The abundance index has the unit no.larvae Per trawl hour km2 e 1 0  . 
The reason for using this index instead of absolute no. of postlarvae is that 
the exact opening of the trawl and the fishing efficiency is unknown. 

When caleulating the abundanee of cod larvae in different subareas (Table 2)  
the same proeedure was used, 

KVENSETH (1983) measured a growth rate from 0 - 4 7  to 0.68 mmlday for cod 
larvae at an age of about 40 days. By  assuming a growth rate of 0 , 5  mmlday 
for the postlarvae, synoptie maps can be made to show the length distribution 
of larvae with reference to the same day i ,e .  half way through the eruises. 

RESULTS AND DISCUSSION 

Distribution of ~os t larvae  1983-1985 

Figs 1-6 show the distribution of postlarval cod in the six years 1979-81 and 
1983-85. The results from the first four years were presented by BJORKE 
and SUNDBY (1984). In 1983 the sampling program was revised based on the 
knowledge obtained during the previous years sampling program. Since then a 
more stratified sampling program was worked out,  and this has lead to a more 
detailed mapping of the horizontal distribution of cod, and hence more correct 
abundance indices. 

Fig. I, Distribution of postlarval cod 20 June-l0 July 1979. 

Number per trawl hour. 

9 - Fisken. 



Fig. 2. Distribution of postlarval cod 24 June-l0 July 1980. 
Number per trawl hour, 

COD LARVAE 
AIM.JULY 1981 

Fig, 3. Distribution of postlarval cod 29 June-23 Juiy 1981, 
Number per trawl hour, 
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Fig. 4. Distribution of postlarval cod 24 June-17 July 1983. 

Number per trawl hour. 

Fig, 5,  Distribution of postlarval cod 24 June- 20 July 1984, 

Number per trav71 hour, 



Fig. 6. Distribution of postlarval cod 21 June-15 July 1985. 

Number per trawl hour, 

A general feature common for all the six years is the high concentrations 
found at  TromsØflaket (Fig, 1 7 ) .  Another is that gostlarval cod is mainly 
found in the coastal waters of salhity less than 34.9 loa, However, there are 
als0 eertain features that are  speeific for each year: In 1983 extremely high 
eoncentrations were found at TromsØflaket. This year 88 percent of the larvae 
was found within the 30OOm isobath at TromsØflaket . This coineided with the 
area of salinity 34.4-34.6 /oo S , The distribution in 1984 and 1985 differed to 
some extent from the 1983 distribution. Both years a fairly large fraction of 
the total larval number was found in the western and northern areas. 
Nevertheless, als0 these years a large fraetion of the larvae was found a t  
TromsBflaket, 45 percent and 57 pereent respeetively, The large fraction of 
cod larvae found at  TromsØflaket is due to anti-eyclonic eireulation above the 
bank which greatly reduces the diffusion of the larvae confined to the upper 
layer . 
Fig. 7 shows the fraction of co9 larvae at different salinity regirnes ( A ) ,  the 
geographical extent (in 1000 k m  ) of the different salinity regimes where cod 
larvae are  found ( B ) ,  and the rnean concentration of cod larvae in the 
different salhi ty  regimes ( C ) ,  From the figure it is clear that the distribution 
in 1983 was specia1 in the way that a large fraetåon of the larvae was confined 
to the salhi ty  34.4-34,6900 S . This coineldcd with the area of Tr.oms@i"aket. 



Fig, 7, (A) Abundan e indices of postlarval cod at different salinities in 20 m depth, li 
(B) Area (in 1000 km ) of different salinity regimes where postlarval cod where found. 
(C) Mean concentration qf postlarval cod in the different salinity regimes (AIR, abun- 
dance index per 1000 km ) .  

In 1984 and 1985 the salinity within the area of the postlarvae was 
considerably higkier, which can be seen from Fig, 7 ( B ) .  In 1984 about 8 
percent of the area where cod larvae were found had a salinity less than 
34.4O100 S ,  and in 1985 about 25  percent. These two years the postlarval cod 
were also more widely spread. Especially in 1984 large numbers of larvae were 
found in the norfiwestern pa r t ,  in the Norwegian Sea and towards 
Spitsbergen, Fig, 5 also shows that the Spitsbergen area was not sufficiently 
covered. Also in 1985 a relative large fraction of the larvae was found in the 
northwestern parts towards Spitsbergen. However, this year the northwestern 
parts were more eompletely covered, The relative large fraction of larvae in 
the northwestern parts in 1984 and 1985 may be due to the increased 
spawning observed at the Vesterålen banks in these years (SUNDBY and 
BRATLAND 1987). Transport of larvae from these spawning sites tend to have 
more westernly drift patterns,  

Figs. 8- 16 show distribution of the cod larvae in three length groups , <30 mm, 
30-40 mm, and >40 mm for the years 1983, 1984, and 1985, The lengths refer 
to the same point of time. A growth rate of 0 - 5  mmlday was used to adjust 
for the time lag between the stations. The figures show that the larger larvae 
are found more frequent in the southern and western parts ,  while the 
smallest larvae tend to have a more easternly distribution. This is als0 shown 
in Table 1 where the fractions of postlarvae in four subareas are  listed for 
each length group. The four subareas are shown in Fig. 15 ,  

The table shows that the smallest larvae are  more abundant in the riorthern 
(1) and the eastern ( 4 )  areas,  whereas the largest larvae are more abundant 
in the western area ( 2 ) -  

Assuming that the larvae In the eastern parts  have been subjected to a longer 
driftroute from the spawning grounds, and bence are  older larvae, one should 
expeet thal they chould be larger than the larvae closer to the spawning 
grounds, However , when the results here show that the larger larvae tend to 



Fig. 8. Distribution of postlarval cod of lengths <30 mm. 1983. 
(See t e x t ) .  

Fig,  9 ,  Dis t r ibut ion of pos t l a rva l  cod of Lengths 30-le0 mm, 1983, 

(Sec-  t e x t ) ,  



Fig. LO, Distribution of postlarval cod of lengths >40 mm. 1983. 

(See text). 

F i g ,  Il, D i s t r i b u t i o n  of  p o s t l a r v a l  cod of  l e n g t h s  (30  mm, 1984. 

(See text), 



Fig. 12. Distribution of postlarval cod of lengths 30-40 mm. 
1984. (See text), 

F i g ,  13. Distribution o f  postlarval .  cod of lengths >40 mm. 1984, 
(See text).  



Fig. 14. D i s t r i bu t ion  of pos t l a rva l  cod of lengths  <30 m. 1985. 

(See t e x t ) .  

Fig.  15, Dis t r ibu t ion  of pos t l a rva l  cod of lengths  30-40 mm. 
1985, (See t e x t ) ,  



Fig .  16. D i s t r i b u t i o n  of  p o s t l a r v a l  cod of  l e n g t h s  >40 mm. 1985. 
(See t e x t ) ,  

have a more westernly distribution, it is more likely to believe that they have 
experieneed a warmer life history, and henee subjected to a higher growth 
rate ,  

Gomparison of the postlarval. eod and O-group eod horizontal distributions 
1979- 1981 and 1983- 1985- 

During the six years 1979-1981 and 1983-1985 the first  three years period bad 
typieal weak year elasses wkrile the seeond perlod had strong year elasses, 
Fig, 18,  showing the O-group distributions , originates from the international 
O-group surveys (ANON. 197913, 1980, 1981, 1983, 1984~1, and 1985). The 
0-group distribution in 1979 (Fig. 18) must be considered as  typical 
westernly, A very large fraetion of the O-group was then distributed to the 
west of the shelf edge of the Barents Sea and at  the western mas t  of 
Spitsbergen. Also In i984 and 1985 large numbers of O-group eod were found 
at the western coast of Spitsbergen, but these years high eoneentrations were 
also found in the central par t s  of the Barents Sea. 

Table  P. P e r c e n t  of p o s t l a r v a l  cod i n  f o u r  subareas  f o r  t h r e e  
l e n g t h  groups,  The sub-areas a r e  shown i n  F i g ,  1 7 ,  

1983 1984 1985 
Lengtb Subarea Subarea Subarea 
(mm) L 2  3 4 1 2 3 4  1 2 3 4  



Fig.  1 7 .  Four subareas  where t h e  abundance o f  t h e  d i f f e r e n t  
l eng th  groups a r e  compuled ( s e e  Table  l) and l o c a l  names used 
i n  t h e  t e x t .  

The westernly distribution of O-group cod in 1999 was even more pronouneed 
during the postlarvae survey showing large numbers of larvae at  the 
southwestern parts  of TromsØflaket and in the Norwegian Sea to the west of 
the shelf edge. The large numbers of O-group cod at the western eoast of 
Spitsbergen in 1984 and 1985 can also be predieted from the postlarval 
distribution which shows high concentrations in the western part  of the 
BjØrnØyrenna and to the west of BjØrnØya, 

The very weak 1980 year class had also similar features of distribution during 
the postlarval and 0-group stages in the way that both stages show a 
separated northerly and southerly distribution. The postlarvae at the 
southern parts  of TromsØflaket were advected eastwards showing a 
distribution from Nordkappbanken and eastwards at the Q-group stage, while 
the postlarvae in the B jØrnØyrenna were advected northwards showing a 
distribution along the west coast of Spitsbergen during the O-group stage. 

Abundance indices 
----p 

Table 2 shows the abundance indiees for cod from the postlarvae surveys in 
June/July and from the O-group surveys in August/September (ANON, 1985), 
The latter indices a re  logarithmlc and caleulated according to RANDA (1984), 
Fig, 19  shows the two sets of indices and the regression line, 

Assuming that logarithm8e transformation normallze the Q-group indiees , a 
Pearson eorrelatlon coeffleient can be caleulated from the data in Table 2, The 
eomputed eoeffåclent equais 0.82, signlfieant at the 5 percent level, 



Fi.g, 18. Distribution of O-group cod from the international G-group surveys 1979-81 and 1983-85. 



Table  2 ,  Abundance i n d i c e s  f o r  cod from t h e  p o s t l a r v a e  
surveys  i n  J u n e / J u l y  and from t h e  O-group surveys  i n  
August/September. 
-- - p 

Year 1979 1980 1 9 8 1  1983 1984 1985 

P o s t l a r v e  7.2 0 - 4  15.4 74.7 23-5  56,5 

O-group 0 ,40  0 - 1 3  0,LO 1 - 6 9  1 - 5 5  2,46 
( l o g a r i t h m i c )  

Both in 1981 and 1983 a very large fraetion of the postlarvae index results 
from the abundanee of larvae at TromsQflaket. Both years the O-group indiees 
are low eompared to the postlarvae indices. The abundanee estimates of both 
these years have been adjusled upwards during the last years (ANON. 1982, 
L984b and 1986) and reeent estimates from aeoustie surveys indieate that the 
1981 year elass is l/ 5 of the 1983 year class. (HYLEN, JAKOBSEN, N A K K E N  
and SUNNANA 1985). This eould indicate "cat the O-group station grid may 
fall to reeord very patehy distributions. 

The postlarvae index for the 1984 year class is obviously an underestimate 
sinee the northernmost area of distribution was not examined, The bireetion 
of these adjustments are indicated in Fig. 19. In view of these factors it is 
likely that the correlation between the two surveys is better than indicated in 
Fig, 19.  Bearing in mind the improved coverage of the cod larvae distribution 
since 1983, it seems reasonable to believe that the postlarvae indices produced 
in July gives a fairly good indication for the year class strength of cod as 
O- group, 

O. 5 1  O 1 5  2 O 2 5  3 O 

O - G R O U P  INOEX 

Fig.  1 9 ,  The r e g r e s s i o n  l i n e  between t h e  cod p o s t l a r v a e  and t h e  O-group 
i n d i c e s .  Arrows i n d i c a t e  d i r e c t i o n  o f  ad jus tments ,  



CONCLUSIONS 

In JuneiJuly a large fraction (45-90 percent) of the year class of cod was 
found at TromsØflaket. This was eaused by the presence of an anti-cyclonie 
eireulation above the bank that greatly reduces the diffusion of postlarval cod 
which is eonfined to the upper layer . 
The postlarvae are most years found in coastal water masses of intermediate 
salinities (34.4- 34. gO/oo S ) . 
The relative large fraetion of larvae in the western parts and in the 
Spitsbergen area in 1984 and 1985 may be due to heavy spawning aetivity at 
the more offshore spawning fields Moskenesgrunnen and Eggagrunnen, 

There ape similar features of the distribulions of postlarval and O-group cod 
with ~~esjpeet to westernly leasternly dis"cributions, 

The postlarvae indiees produeed in July seem to @five a reasonable good 
indieation for the year class strength as O-group eod in September, 
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