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ABSTRACT 

This paper gives the  geographical d i s t r i b u t i o n  and the  migrations of 
the  1983 year c l a s s  of Norwegian spr ing spawning he r r ing  i n  the  period 
1983-1989. These migrations a re  compared with he r r ing  migrations of 
e a r l i e r  periods.  Further,  the  acoustic  abundance es t imates  of t h i s  
year c l a s s  is  reviewed. 
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INTRODUCTION 

The stock of Norwegian spr ing spawning herr ing collapsed i n  the  l a t e  
1960's (Dragesund e t  a l .  1980). From a leve1 of approximately zero i n  
1972 the  spawning stock recovered i n  a slow but s teady manner t o  a 
l e v e l  of about 0.5 mi l l ion  tonnes i n  1983 (Hamre  1989). This was, 
however, f a r  below the  average stock s i z e  i n  the  period p r i o r  t o  the  
stock col lapse .  The s t reng th  of the  year c lasses  i n  the  period 1970- 
1982 was a l s 0  below the  average year c l a s s  s t r eng th  of e a r l i e r  
periods . 
I n  1983 l a r g e  amounts of O-group herr ing were recorded i n  the  Barents 
Sea, ind ica t ing  favourable conditions f o r  survival  and growth of the  
he r r ing  l a rvae  and O-group. Since then, information on t h i s  year c l a s s  
has been obtained by: 

1) Acoustic surveys 
2) Sampling commercial catches 
3) Tagging 

Results  from these surveys and inves t igat ions  a r e  given i n  papers 
presented t o  the  ICES Sta tu tory  Meetings by the  present  author 
( R ~ t t i n g e n  1984,1985,1986,1987 and 1988). i n  ICES Working Group 
repor t s  (Anon. 1984,1985,1986,1987,1988 and 1989) and i n  unpublished 
c r u i s e  repor t s  t o  the I n s t i t u t e  of Marine Research. 

The aim of t h i s  paper w i l l  be t h e  following: 

1) To make a chronological review of the  seasonal geographical 
d i s t r i b u t i o n  and various aspects  of the  behaviour and biology of t h e  
1983 year c l a s s  from its b i r t h  i n  spr ing of 1983 t o  1988/89 when the  
bulk of t h i s  year c l a s s  recrui ted  t o  the  spawning stock.  

2)  Discuss the  abundance est imates obtained f o r  the  1983 year c l a s s .  

3) Outline the  migration pa t t e rns  which the  1983 year c l a s s  has 
undertaken, and compare these with migration p a t t e r s  from previous 
t i m e  periods.  

RESULTS 

Geographical d i s t r i b u t i o n  

YEAR 1983 

The spawning i n  1983 

A t  t h e  end of the  1970's and beginning of t h e  1980's r e lease  and 
recapture d a t a  showed t h a t  tagged herr ing d id  not  mix randomly within 
spawning stock of Norwegian spr ing spawning herr ing,  but  t h a t  t h e  
spawning stock consisted of a t  l e a s t  two u n i t s  o r  "components" (Hamre 
1989). I n  1983, these  u n i t s  (one southern and one nor the rn) ,  were 
estimated t o  be of approximately the  same s i z e .  The southern u n i t  
spawned mainly on t h e  t r a d i t i o n a l  spawning grounds on the  coas ta l  
banks south of 6 3 O ~ ,  the  northern u n i t  spawned nor th  of 63ON. The 
Working group on Atlanto-Scandian herr ing has est imated the  t o t a l  
spawning stock t o  615 thousand tonnes i n  1983. This es t imate  was 
derived from a VPA run which was tuned t o  the  1984 spawning stock 
est imate obtained by tagging (Anon. 1988). 
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Fig. 1. Norwegian sp r ing  spawning herr ing .  
M. Number of la rvae  on Gulf 111 s t a t i o n s ,  Apri l  6 th  1983. 

B.  Number of l a rvae  per  m* sur face  14-21 Apri l  1983. 
(Bjørke, unpublished d a t a ) .  
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Norwegian sp r ing  spawning herr ing  
Dis t r ibu t ion  of pos t larvae  20 June-l6 Ju ly  1983. 
(Bjørke, unpublished d a t a ) .  



168 FECUNDITY, LARVAE AND JUVENILES 
The 1983 year  c l a s s  of Norwegian spawning herr ing  a s . . . . . .  

Apri l  1983 - her r ing  l a rvae  

The following paragraph on he r r ing  l a rvae  i n  1983 is a summary from 
Bjørke (pers.com). On Apri l  5 four  s t a t i o n s  using a Gulf 111 plankton 
recorder were taken i n  the  a rea  from S t a t t  t o  SmØla. The number of 
l a rvae  i s  shown i n  Fig  l a .  Most of the  l a rvae  were newly hatched, but  
the re  were observations of l a rvae  up toward 14 mm. This i n d i c a t e s  t h a t  
hatching took place  on the  spawning f i e l d s  on More i n  l a s t  week of 
March 1983. I n  the  period 14-21 Apri l  he r r ing  l a rvae  were recorded 
from S t a t t  t o  Bodo (F ig  l b ) .  5200 l a rvae ,  of which 390 were l a r g e r  
than 12 mm,  were taken i n  1983. This was u n t i l  then the  l a r g e s t  number 
of l a rvae  observed s ince  the  stock col lapse  i n  t h e  l a t e  1960's.  

The d i s t r i b u t i o n  of the  he r r ing  l a rvae  (F ig  1) may be taken a s  an 
ind ica t ion  of  the  ex ten t  of the  spawning i n  1983. The general  
conclusion is  t h a t  there  seems t o  have occured a widespread spawning 
i n  1983 from S t a t t  and northwards t o  Boda, but  the  main spawning seems 
t o  have occured i n  the  t r a d i t i o n a l  spawning sites of f  Mgre. 

June-July 1983 

Post larvae o f f  northern Norway were recorded on a survey i n  the  period 
20 June-l6 Ju ly  1983. The sampling was done by pelagic  t rawl.  F ig  2 
shows the  d i s t r i b u t i o n  of the  he r r ing  post larvae.  (H.  B j ~ r k e ,  
unpublished d a t a ) .  The main concentrat ions were found o f f  TromsØflaket 
(Approximately 7 1 ° ~ ,  I ~ O E ) .  The western l i m i t  of  the  d i s t r i b u t i o n  is  
not  recorded. The main p a r t  of the  pos t larvae  is  found r e l a t i v e l y  
c lose  t o  t h e  shore. 

Fig. 3. Norwegian sp r ing  spawning herr ing .  
Dis t r ibu t ion  of O-group, In te rna t iona l  O-group survey 
August-September 1983 (Anon 1983). 
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August-September 1983 

The d i s t r i b u t i o n  of the  O-group recorded during t h e  in te rna t iona l  
O-group c r u i s e  i n  the  Barents Sea i n  the  period 21 August-8 September 
1983 is given i n  Fig 3 (Anon 1983).This is  a t rawl survey, the  dense 
and very dense areas  shown i n  Fig  3 a r e  defined according t o  the  catch 
of O-group he r r ing  i n  the  trawl s t a t i o n s .  The O-group he r r ing  have 
now, compared with the  pos t larvae  s i t u a t i o n  i n  June-July, a  f a r  more 
offshore  and e a s t e r n  d i s t r ibu t ion .  I n  1983, O-group he r r ing  were found 
on a l a r g e r  number of  s t a t i o n s  and the  number of  specimens a t  each 
s t a t i o n  was higher than previously observed on t h e  i n t e r n a t i o n a l  
O-group surveys. These surveys s t a r t e d  i n  1965. 

November 1983 

Fig 4 shows the  a rea  where O-group herr ing  was recorded i n  November 
1983. Bad weather and some technica l  d i f f i c u l t i e s  l imi ted  the  
inves t iga t ion  a rea  during t h i s  survey. There is  the re fo re  a 
p o s s i b i l i t y  t h a t  O-group herr ing  were located  i n  o the r  a reas  of the  
Barents Sea than shown i n  Fig 4. However, i f  t he  f i g u r e  shows the  main 
d i s t r i b u t i o n  a rea ,  then a considerable e a s t  t o  southeast  migration of 
the  O-group he r r ing  took place i n  the  l a t e  autumn months of 1983. 

Fig.  4 .  Norwegian sp r ing  spawning herr ing .  
Dis t r ibu t ion  of O-group November 1983. In tegra to r  output  
presented a s  t o t a l  in t eg ra ted  s c a t t e r i n g  cross  sec t ion  per  
n a u t i c a l  m i l e  mu l t i lp l i ed  by 10. 

A O-group he r r ing  survey was c a r r i e d  out  i n  the  f j o r d  and coas ta l  
a reas  of northwest and north Norway i n  November 1983. This was p a r t  of 
a  year ly  inves t iga t ion  series t h a t  s t a r t e d  i n  1975 ( R ~ t t i n g e n  1987a). 
The abundance of O-group he r r ing  recorded i n  the  f j o r d  areas  i n  1983 
was considerably higher than i n  the  period 1975-1982. 

Scenario a t  the  end of 1983 

By the  end of 1983 it was c l e a r  t h a t  the  1983 year c l a s s  of Norwegian 
sp r ing  spawning he r r ing  was abundant and d i s t r i b u t e d  over wide areas  
i n  the  Barents Sea and i n  the  f j o r d  and c o a s t a l  a reas  of Norway. But 
@J s t rong  was t h i s  year  c l a s s ?  Was i t  comparable t o  the  l a r g e  year 
c l a s s e s  of the  1950's and 1960's? Was i t  by the  end of 1983 poss ib le  
t o  make any q u a n t i t a t i v e  comparisons with o t h e r  year  c l a s ses?  

Dragesund (1970) made inves t iga t ions  of  the  s t r eng th  of t h e  year  
c l a s s e s  1959-1965 a s  O-group, and he a l s o  measured t h e  subseguent year 
c l a s s  s t r eng th  a t  recruitment t o  the  spawning stock.  However, the  
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methodology, equipment and c a l i b r a t i o n  methods used during these  
inves t iga t ions  were d i f f e r e n t  from those applied i n  1983. This makes a 
d i r e c t  comparison between acoust ic  abundance es t imates  from t h e  1960's  
and 1980's impossible. 

Based on the  r e s u l t s  from the  in te rna t iona l  O-group surveys i n  the  
Barents Sea the  Working group on Atlanto-Scandian he r r ing  i n  October 
1983 ca lcula ted  an abundance index f o r  the  O-group he r r ing  i n  1979 and 
1983. The r e s u l t  is  given i n  the  t e x t  t a b l e  below: 

Year 
1979 1983 

Abundance index 8 431 

The number of the  1979 year  c l a s s  a s  4 year  o ld  f i s h  was estimated by 
tagging t o  1350 x lo6 individuals  (Anon. 1984). Assuming a t  l e a s t  an 
equal abundance of O-group he r r ing  i n  the  coas ta l  a reas  i n  1983 a s  i n  
1979 the  Working group stated:"The Working group concluded t h a t  the  
1983 year  c l a s s  was very s t rong  a s  O-group compared t o  any year  c l a s s  
s ince  the  col lapse  of the  s tock i n  the  l a t e  1 9 6 0 ~ ,  and t h a t  i t  could 
well  tu rn  out  t o  be of the  same order of magnitude a s  the  year  c l a s ses  
produced i n  the  period 1961-66. These year  c l a s ses  had an avcerage 
s t r eng th  of l 7  x 109 individuals  i n  terms of VPA es t imates  of O-group 
f i s h  (Dragesund and Ull tang,  1978). The corresponding average of 4 
year  o ld  f i s h  f o r  the  year  c l a s ses  1961-1966 was 1507 x lo6 
individuals .  " (Anon 1984) . 

YEAR 1984 

I January l984 

Herring of the  1983 year c l a s s  (now I-group) were recorded during the  
inves t iga t ions  of  spawning capel in .  Fig 5 gives the  trawl s t a t i o n s  
taken during these  inves t iga t ions .  The trawl s t a t i o n s  with ca tches  of  
I-group of he r r ing  a r e  marked with f i l l e d  symbols. I f  Fig. 4 is 
representa t ive  of  the  d i s t r i b u t i o n  i n  November 1983, the  catches i n  
January 1984 i n d i c a t e  t h a t  the  herr ing  had migrated northwards. 

May- June 1984 

Fig 6 gives the  geographical d i s t r i b u t i o n  of the  I-group he r r ing  i n  
the  Barents Sea i n  May-June 1984 (Toresen 1984). There were two main 
d i s t r i b u t i o n  areas .  I n  the  eas te rn  p a r t  of the  Barents Sea the  I-group 
he r r ing  were d i s t r i b u t e d  from nor th  of the  Rybachi peninsula (approx. 
70° 30 ' N ,  32O ,O0 ' E) t o  the  Goose Bank area  ( approximately 73O 00 'N, 
4 8 O 0 0 ' ~ ) .  There were more o r  less continuous recordings of  I-group 
herr ing  a s  a s c a t t e r i n g  l a y e r  i n  100-150m depth (Fig  7)  over a 
d is tance  of approximately 250 nau t i ca l  m i l e s .  The o the r  d i s t r i b u t i o n  
area  o f f  the  Finnmark coas t  t o  about 50 nau t i ca l  miles offshore.  I n  
t h i s  a rea  some of t h e  I-group herr ing  formed schools near  the  su r face ,  
and the re  were some mixing with adu l t  capelin.  
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Fig. 5. Norwegian sp r ing  spawning herr ing.  
Number of I-group per  trawled nau t i ca l  m i l e ,  January 1984. 

Fig. 6. Norwegian sp r ing  spawning herr ing.  
Dis t r ibu t ion  of I-group i n  May-June 1984. I n t e g r a t o r  output 
a s  i n  Fig. 4 .  Modified from Toresen 1984. 
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Fig. 7. Norwegian spr ing  spawning herr ing.  
Echogram showing s c a t t e r i n g  l a y e r  of I-group a t  100 m depth. 
Goose Bank. (Approx. 7 2 O ~ ,  4 7 O ~ )  , May 1984 (Toresen 1984) . 

November-December 1984 

A survey of the  f j o r d  and coas ta l  a reas  of Norway, u t i l i z i n g  the  same 
course l i n e s  a s  the  corresponding survey i n  November-December 1983, 
showed t h a t  the  1983 year c l a s s  was d i s t r i b u t e d  over much smaller  
a reas  than the  year before. However,there s t i l l  remained considerable 
consent ra t ions  of t h i s  year  c l a s s  i n  some f j o r d  a reas ,  e s p e c i a l l y  i n  
northern Norway. Fig 8 shows a typ ica l  recording of the  I-group 
he r r ing  from a f j o r d  i n  northern Norway. 

Scenario a t  t h e  end of 1984 

The corresponding surveys on the  coas t  and f j o r d  a reas  i n  November 
1983 and November 1984 showed t h a t  the  abundance ( i n  numbers) and 
geographical d i s t r i b u t i o n  a rea  of  the  1983 year c l a s s  had decreased 
considerably i n  these  areas  i n  t h i s  period. This was due t o  emigration 
andlor mor ta l i ty .  

Unfortunately, i t  cannot be s t a t e d  with absolute c e r t a i n t y  i f  any of 
the  O-group of the  1983 year c l a s s  i n  the  f j o r d s  of northern Norway 
emigrated from the  f j o r d s  and joined the  of fshore  populat ion i n  the  
Barents Sea. Due t o  the  poss ib le  underestimate of the  1983 year c l a s s  
during the  acoust ic  survey i n  November 1983, the  abundance es t imates  
from the  surveys i n  1984 i n  the  Barents Sea could no t  g ive  any c l e a r  
answer t o  the  quest ion i f  the  of fshore  p a r t  of the  1983 year  c l a s s  had 
increased i n  1984 due t o  emigration from the  f jo rds .  However, F ig  6 
shows t h a t  I-group he r r ing  were d i s t r i b u t e d  c lose  t o  t h e  ent rance  of 
the  f j o r d s  e a s t  of S ~ r ø y a  (approximately 2 3 O ~ )  i n  June 1984. This may 
be he r r ing  which has emigrated from the  f jo rds .  Although a major p a r t  
of the  O-group he r r ing  i n  1983 were d i s t r i b u t e d  i n  the  f j o r d s  from 
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Fig. 8. Norwegian spring spawning herring. 
Echogram of I-group i n  Ul lsf jord ,  northern Norway, 
December 1984. 

SØr~ya  t o  Lofoten, there  were no records of I-group herring i n  the  
open sea  outside t h i s  coasta l  area. 

Based on the  information available by October 1984, the  Working Group 
res ta ted  t h e i r  opinionlin a more confident way, about the  1983 year 
c l a s s  i n  the  following manner: " A s  observed l a s t  year, and confirmed 
i n  t h i s  year ' s  repor t ,  the  1983 year c l a s s  is strong and i n  view of 
the  g rea t ly  improved prospects f o r  recruitment t o  the  spawning stock,  
a f i sh ing  mortal i ty on the adul t  component of the  stock i n  the  order 
of F = 0.05 w i l l  have very l i t t l e  e f f ec t  on the long-term development 
of the  stock. " (Anon. 1985) . 

January 1985 

Fig 9 gives an indication of the  d i s t r ibu t ion  of the 1983 year c lass  
i n  the  eas tern  pa r t  of the  Barents Sea i n  January 1985. The acoustic 
survey i n  January 1985 was designed t o  cover the  d i s t r i bu t i on  area fo r  
cod, some areas where 11-group herring may have been d i s t r ibu ted  may 
not have been surveyed. This may par t iculary  be the  case fo r  the 
northern borders of the  herring d i s t r ibu t ion .  

However, taking the  r e su l t s  from the January survey a s  an indication 
of the  general d i s t r ibu t ion ,  i t  can be seen t ha t  the  d i s t r ibu t ion  of 
the  herring i s ,  i n  general,  a l i t t l e  more t o  the  e a s t  than the 
d i s t r i bu t i on  i n  June 1984 (Fig 6 ) .  The behaviour had changed, i n  
January the  herring mostly occured i n  schools i n  contras t  t o  the 
s ca t t e r i ng  layers  i n  June 1984. There were a l so  concentrations of 
capelin i n  the  same area  as  the herring. The sonar and echo recordings 
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Fig. 9. Norwegian spring spawning herring. 
Distr ibution of 1983 year c l a s s  i n  January 1985. Integrator  
output a s  i n  Fig. 4. The Norwegian capelin winter f ishery 
took mainly place within the small frame shown i n  the figure.  

of capelin and herring were d i f f i c u l t  t o  discriminate and t h i s  caused 
considerable d i f f i c u l t i e s  i n  carrying out  the Norwegian capelin winter 
f ishery i n  January 1985. The area where the capelin f ishery took place 
i s  within the  frame included i n  Fig 9. A maximum by-catch of 10% 
herring was enforced i n  the Norwegian capelin winter f ishery i n  1985. 
The by-catch s t a t i s t i c s  show tha t  approximately 2500 tonnes of II- 
group herring were caught i n  the Norwegian and 1800 tonnes i n  the USSR 
winter capelin f ishery i n  1985 (Anon 1986). 

Fig 10 gives the dis t r ibut ion of the 1983 year c l a s s  i n  May 1985 
( H a m r e  and Dommasnes 1985). Compared with January a westerly migration 
has taken place, and the eastern border is now approximately a t  4 0 ° ~ .  
The herring was recorded both a s  small schools and a s  sca t te r ing  
layers form 50 m t o  100 m depth. In  some par t s  of the d i s t r ibu t ion  
area the herring was mixed with capelin,  the capelin layer  was usually 
deeper than the herring recordings. 

Returning t o  the coastal  areas,  a tagging survey was conducted on the 
Norwegian coast south of 6 8 0 ~  i n  April-May. Small schools of herring 
of the 1983 year c l a s s  were recorded off  More and Helgeland. This 
herring had a f a r  greater  growth r a t e  than the herring recorded i n  the 
Barents Sea. (Fig 11). 
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Fig. 10. Norwegian spring spawning herring. 
Distr ibution of the 1983 year c l a s s  i n  May 1985. Numbers 
denote tonnes per naut. mile2. (Hamre and Dommasnes 1985). 

Fig. 11. Norwegian spring spawning herring. 
Length d i s t r ibu t ion  of the 1983 year c lass  i n  May 1985). 

September 1985 

Fig 12 shows the d i s t r ibu t ion  of the 1983 year c l a s s  i n  September 1985 
A comparison with Fig 10 (May 1985) shows tha t  there  was no major 
change i n  geographical d i s t r ibu t ion  of the 1983 year c l a s s  i n  the 
Barents Sea during the summer season of 1985. In  September the herring 
were mostly dis t r ibuted i n  dense schools near the  surface during 
daytime, but there were a l sa  recorded schools of herring down to  
100-150 m depth. During night time the schools were dissolved and the 
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Fig. 12. Norwegian spring spawning herring. 
Distr ibution of the 1983 year c l a s s  i n  September 1985. 
Numbers denote tonnes per naut. m i l e 2 .  

Fig. 13. Norwegian spring spawning herring. 
Distr ibution of the 1983 year c l a s s  i n  November 1985. 
Numbers denote tonnes per naut. mile2. 
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herr ing was recorded i n  sca t te r ing  layers .  Some O-group herring and 
juvenile cod and haddock were recorded together with the 11-group 
herring.  

November 1985 

Fig 13 shows the  d i s t r i bu t i on  of the 1983 year c l a s s  i n  November 1985. 
The herr ing of the 1983 year c l a s s  occurred together with O-group 
herring.  Only the  area  west of 4 1 O ~  was surveyed. Fig 11 and 13 show 
tha t  a comprehensive migration had taken place eastwards during a time 
i n t e rva l  of 2 months.The herring i n  the  eas tern  pa r t  of the 
d i s t r i bu t i on  area  were mostly recorded as  a s ca t t e r i ng  layer  i n  the 
upper 5Om of the  water masses. 

I n  November 1984 considerable amounts of I-group herr ing were recorded 
i n  the  f jo rds  of Northern Norway, especia l ly  north of 69ON. Very 
l i t t l e  11-group herr ing were recorded i n  these areas i n  November 1985, 
by t h i s  time the f a r  g rea te r  par t  of the herr ing of the  1983 year 
c l a s s  had migrated from t h i s  area. South of Lofoten (68ON) no herring 
of the  1983 year c l a s s  were found i n  the f j o rd  areas i n  November 1985. 

I Scenario a t  the  end of 1985 I 
Two d i f f e r en t  "populations" of the 1983 year c l a s s  could s t i l l  be 
recognized: 

A )  I n  the  Barents Sea, the  main concentrations of the  1983 year c lass  
undertook a western migration i n  the winter months, from an area 
around 4 0 ° ~  t o  an area  off  eastern Finnmark and Kola. I n  the  summer 
season the geographical d i s t r ibu t ion  remained r e l a t i ve ly  constant, but 
i n  October a migration t o  the eastern p a r t  of the  Barents Sea took 
place. I n  winter the herring i n  the Barents Sea occurred together with 
cape l in , in  autumn the concentrations of the  1983 year c l a s s  were mixed 
with O-group herr ing (1985 year c l a s s ) .  

B )  On the coast ,  herring of the  1983 year c l a s s  migrated from the 
inner par t  of the  f jo rds  where they were d i s t r ibu ted  a s  O-group. Minor 
pa r t s  of the  herring were found i n  the outer  coast  areas  south of 68ON 
i n  spring. Further, the 1983 year c lass  began t o  appear i n  the  coasta l  
herr ing f ishery i n  autumn of 1985. This herr ing had a la rger  growth 
r a t e  than the  herring dis t r ibuted i n  the Barents Sea. 

YEAR i986 

January 1986 

Fig 14 shows the  d i s t r ibu t ion  of 111-group herr ing i n  January 1986. 
This was the  most eastern d i s t r ibu t ion  of the  1983 year c l a s s  t ha t  had 
been observed s ince  June 1984. From about 38OE and eastwards, the  
herr ing was recorded a s  a "carpetHnear the  bottom. A t  some locat ions ,  
(approximately 7Z0N, 4 6 0 ~ ) .  denser concentrations appeared as  
"columns" r i s i n g  up t o  50m from the sea  bed. West of 38OE, some large  
schools of herring were detected, pa r t i cu la ry  i n  the  area  north and 
e a s t  of the  Skolpen Bank. I n  the period January-April 1986 a f ishery 
on the 1983 year c l a s s  of herring was ca r r ied  out by USSR i n  ICES area 
I (eas tern  pa r t  of the  Barents Sea) .  The t o t a l  catch i n  t h i s  f ishery 
was approximately 25 thousand tonnes. 
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Fig. 14.  Norwegian spring spawning herring. 
Distr ibution of the 1983 year c lass  i n  January 1986. 
Numbers denote tonnes per naut. mile2. 

Spawning season, February-March 1986 1 

, 
! 

In  1986 herring of the 1983 year c lass  appeared fo r  the  f i r s t  time on 
the spawning grounds off More. About 7% of the herring i n  the spawning 
areas ( la rge  var ia t ions  from area t o  area) belonged t o  t h i s  year 
c lass .  This was herring with a l a rger  growth r a t e  than t h a t  of the  
herring of the same year c lass  i n  the Barents Sea. However, l e s s  than 
10% of the 1983 year c l a s s  which appeared on the  spawning grounds had 
maturing gonads and may therefore have been r ec ru i t  spawners, the  rest 
were immature f i sh .  

May 1986 

Fig 15 gives the  d i s t r ibu t ion  i n  May 1986. There was now an extended 
east-west d i s t r ibu t ion  i n  a "belt" of approximately 40-50 naut ical  
miles width. The herring was mostly recorded a s  a sca t te r ing  layer  i n  
150-200 m depth. The density of the herring was much lower than 
recorded during previous surveys. 

Herring were a l s0  recorded i n  the coastal  areas. During a tagging 
survey i n  April 1986 schools consist ing of 1983 year c l a s s  herring 
only were recorded i n  the outer coasta l  areas between 66ON and 6 7 0 ~ .  
This herring had a l a rger  growth r a t e  than the herring i n  the  Barents 
sea  (Fig 16) .  
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Fig. 15. Norwegian sp r ing  spawning herr ing .  
Dis t r ibu t ion  of the  1983 year c l a s s  i n  May 1986. 
Numbers denote tonnes per  naut .  m i l e 2 .  

Fig.16. Norwegian sp r ing  spawning herr ing .  
Length d i s t r i b u t i o n  of the  1983 year c l a s s  i n  May 1986~ 
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Fig. 17. Norwegian spring spawning herring. 
Distr ibution of the 1983 year c l a s s  i n  August 1986. 

- B a r e n t  s e a  w e s t  ( M a y  8 6 )  

_ _ - W  O f f  T r o m s  ( A u g u s t  8 6 )  

Fig. 18. Norwegian spring spawning herring. 
Length d i s t r ibu t ion  of the  offshore d i s t r ibu ted  herring 
i n  May 1986 (Barents Sea) and August 1986 (Norwegian Sea) .  
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August 1986 

By t h i s  t i m e  the  1983 year c l a s s  had emigrated from the  Barents Sea 
and there  were observations of sca t t e red  concentrat ions up t o  150 
nau t i ca l  miles of the  coast  of Norway from 6 4 0 ~  t o  70°N (Fig  17) .The 
main concentrat ions were found north of 68ON. I n  t h i s  period the  
herr ing were located  i n  various depths from near the  surface  t o  
depths of 200-300m. The sonar recordings near the  surface  consisted of 
small schools,  the  l a r g e r  schools were located  i n  depths of 5Om and 
deeper. The mean length of the  1983 year c l a s s  had increased 
considerably s ince  the herr ing l e f t  the  Barents Sea (F ig  18). 

November 1986 

The he r r ing  i n  the  offshore areas  had concentrated nearer  the  coas t ,  
between 66ON and 6 7 0 ~ .  (Fig  19) . The herr ing were now located  i n  
schools near the  surface  during night  t i m e  (O-5Om) and near bottom o r  
down t o  250-300m depth during daytime. The s i z e  of the  schools showed 
l a r g e  v a r i a t i o n s ,  during night  the  he r r ing  o f ten  s p l i t  i n t o  small 
loose schools. 

I n  autumn 1986 the  1983 year c l a s s  became abundant i n  the  catches i n  
Norwegian he r r ing  f i she ry ,  The f i she ry  took place i n  the  f j o r d  areas 
were t h e  he r r ing  had wintered s ince  the  stock col lapse  and the  
migration to the  feeding and wintering grounds i n  t h e  Norwegian Sea 
terminated. The 1983 year c l a s s  occurred together with o lde r  herr ing 
on the  wintering grounds. 

Fig. 19. Norwegian spr ing spawning herr ing.  
Dis t r ibut ion of the 1983 year c l a s s  i n  November 1986. 
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Scenario a t  the  end of 1986 

A very small f r a c t i o n  of the  1983 year c l a s s  ( l e s s  than 1%) seemed t o  
be r e c r u i t  spawners i n  winter 1986. These herr ing spawned on the  
t r a d i t i o n a l  spawning grounds off  More. They were not  herr ing 
o r ig ina t ing  from the  Barents Sea nursery area .  

I n  1986 the  two types of herr ing of the  1983 year c l a s s  could s t i l l  be 
recognized. Some her r ing  were recorded on the  t r a d i t i o n a l  spawning 
sites of f  M Ø r e  i n  February-March,in the  outer  cos ta1  areas  i n  spr ing 
and i n  wintering a reas  i n  some f jo rds  from October/Nowember. These 
he r r ing  had a l a r g e  growth r a t e .  

But by f a r  the  l a r g e r  p a r t  of the  1983 year c l a s s  was i n  winter lear ly  
spr ing of 1986 located  i n  the  eas te rn  p a r t  of the  Barents sea.  I n  
spr ing of 1986 a fundamental change i n  the  d i s t r i b u t i o n  of the  1983 
year c l a s s  took place.  I n  May-June the  whole offshore population of 
the  1983 year c l a s s  migrated westwards out  of the  Barents Sea and i n t o  
the  Norwegian Sea o f f  the  Norwegian coast .  The "stay" i n  the  Barents 
Sea nursery area  had thus terminated. 

YEAR 1987 

January 1987 

Fig 20 shows the  wintering d i s t r i b u t i o n  area  of the  he r r ing  (January 
1987). During day t i m e  t he  herr ing occurred i n  schools i n  100-200m 
depth, during n igh t  time the  herr ing ascended t o  the  upper ?Om and 
o f ten  occurred i n  l a r g e  dense schools. 

Fig. 20. Norwegian sp r ing  spawning herring.  
Dis t r ibu t ion  of the  1983 year c l a s s  i n  January 1987. 
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Spawning season, February-March 1987 

This year  the  4 year  o ld  herr ing  dominated the  b io log ica l  samples from 
the  t r a d i t i o n a l  spawning s i t e s  o f f  Møre. The geographical d i s t r i b u t i o n  
o f  the  1983 year  c l a s s  is  given i n  Fig  21, On the  spawning grounds the  
he r r ing  mostly occurred i n  loose schools o r  i n  s c a t t e r i n g  l aye r s .  
There were observed only a few dense schools i n  February-March 1987. 
The he r r ing  of the  1983 year  c l a s s  were mixed with o lde r  he r r ing  on 
the  spawning f i e l d s .  About 40-60% of the  1983 year  c l a s s  which was 

Fig. 21. Norwegian sp r ing  spawning herr ing.  
Dis t r ibu t ion  of the  1983 year c l a s s  on the  spawning sites 
o f f  Møre i n  February/March 1987. 

recorded on the  spawning grounds were r e c r u i t  spawners. But the  
g r e a t e r  p a r t  of the  1983 year c l a s s  were s t i l l  immature and therefore  
d id  not  appear on the  spawning grounds. The average length  of the  
he r r ing  of the  1983 year c l a s s  i n  the  spawning a reas  was approximately 
28 cm. However, one sample from the  southern p a r t  of the  d i s t r i b u t i o n  
a r e a  had a mean length  of 31 cm. This may have been he r r ing  of coas ta l  
o r i g i n  . 

April-May 1987 

The main offshore concentrat ions were now located  t o  t h e  nor th  of the  
spawning sites (Fig  2 2 ) ,  and the  extension of the  d i s t r i b u t i o n  area  
had increased. 

I n  April-May 1987 schools cons is t ing  of  1983 year c l a s s  of  he r r ing  
were recorded i n  the  ou te r  coas ta l  a rea  between 6 6 O ~  and 6 7 0 ~ .  
However, according t o  the  length  d i s t r i b u t i o n s ,  t h i s  was obviously not  
the  same type of he r r ing  a s  w a s  recorded i n  the  same a r e a  i n  April-May 
i n  1985 and 1986. The mean length of the  he r r ing  was a c t u a l l y  g rea te r  
i n  1986 than i n  1987 (Fig  2 3 ) ,  i nd ica t ing  t h a t  the  f a s t  growing 
he r r ing  i n  t h i s  a r e a  i n  1985 and 1986 had been replaced by a herr ing  
with a slower growth r a t e  i n  1987. The "new" he r r ing  i n  t h i s  a rea  
probably or ig inated  from the  nursery areas  i n  the  Barents Sea. 
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Fig. 22. Norwegian spring spawning herring. 
Distribution of the 1983 year c lass  i n  May 1987. 

O/o 

4 O 

---+- 83 year d a s s  in 1986 
3 O - 83  year class in 1987 

2 o 

1 o 

Fig. 23. Norwegian spring spawning herring. 
Length d i s t r ibu t ion  of the 1983 year c lass  i n  Norwegian 
coastal  waters off  Helgeland (between 6 5 0 ~  and 6 8 O N )  i n  
April 1986 and April 1987). 
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June-July 1987 

The migration of the  offshore d i s t r ibu ted  he r r ing  continued 
northwards; the  d i s t r i b u t i o n  a rea  f o r  July 1987 i s  given i n  Fig 24. I n  
t h e  period April-July 1987 the  herr ing mostly occurred i n  small 
schools near the  surface.  The herr ing recordings were mixed with 
plankton recordings. 

Fig.  24. Norwegian spr ing spawning herring.  
Dis t r ibut ion of the  1983 year c l a s s  i n  July 1987. 

August 1987 

Medio August 1987 the  1983 year c l a s s  concentrated i n  the  a rea  west of 
Lofoten (Fig  25) .  Compared with the  period April-July, the  behaviour 
of the  herr ing had changed. The herr ing concentrated i n  a r a t h e r  dense 
s c a t t e r i n g  l a y e r  i n  about 10-20m depth during most of the  Bay. This 
was typ ica l  " f a t  herring",  with a l o t  of f a t  i n  the  i n t e s t i n e  area.  
The gonads were poorly developed. 

I 
I September 1987 

I n  September the  main concentrations of herr ing had migrated i n t o  the 
Vestf jord a rea  (Fig  26) .  By t h i s  t i m e  the  herr ing began t o  make 
extensive v e r t i c a l  migrations. During day t i m e  the  herr ing were 
recorded i n  schools a t  250 m t o  300 m depth, r i s i n g  towards the  
surface  and dispers ing during night .  The gonads were considerably more 
developed than i n  August. 
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Fig. 25. Norwegian spring spawning herring. 
Distr ibution of the 1983 year c lass  i n  August 1987. 

Fig. 26. Norwegian spring spawning herring. 
Distr ibution of the 1983 year c lass  i n  September 1987. 
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Fig. 27. Norwegian spring spawning herring.  
Distr ibution of the  1983 year c l a s s  i n  November 1987. 
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November 1987 

I n  October the  he r r ing  migrated f u r t h e r  i n t o  the  Vestf jord,  and by 
November the  he r r ing  which s ince  1983 had been d i s t r i b u t e d  offshore ,  
were now located i n  the  t r i b u t a r y  f j o r d s  of the  Vestf jord (F ig  2 7 ) .  
Here the  herr ing  occurred i n  enormous schools, o f t en  extending over 
seve ra l  nau t i ca l  m i l e s .  The he r r ing  undertook v e r t i c a l  migrations (Fig 
2 8 ) .  The gonads were f u r t h e r  developed, and the  amount of f a t  i n  the  
i n t e s t i n e  had c l e a r l y  decreased compared with August/ September. The 
he r r ing  wintered i n  the  Vestf jord u n t i l  t he  end of January 1988. 

Fig. 28, Norwegian spr ing  spawning he r r ing  
Echo recordings during daytime (upper) and nighttime 
(lower) of the  1983 year c l a s s  from approximately the  same 
l oca t ion  i n  the  Ofotf jord i n  November 1987. 
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Scenario a t  the  end of i987 

A minor p a r t  of the  1983 year  c l a s s  matured and spawned on the  
t r a d i t i o n a l  spawning sites i n  1987. After  spawning the  he r r ing  d id  not  
resume the  feeding migration routes  from t h e  t i m e  p r i o r  t o  the  stock 
co l l apse ,  i .e .  t o  the  Jan Mayen- North Iceland area .  The feeding areas  
i n  1987 were from the  c o a s t a l  a reas  of northern Norway between 6 4 0 ~  
and 70°N and extending approximately 200 nau t i ca l  miles i n  the  
Norwegian Sea. I n  August the  herr ing  concentrated w e s t  of the  Lofoten 
I s l ands ,  and i n  September they migrated i n t o  the  Vest f jord ,  and i n  
October f u r t h e r  east i n t o  the  t r i b u t a r y  f j o r d s  of the  Vestf jord.  The 
wintering a reas  i n  1987188 (Fig  17) were thus s l i g h t l y  d i f f e r e n t  from 
1986187, the  l a t t e r  wintering area  was i n  the  ou te r  p a r t  of the  
Vestf jord (Fig  20) .  

YEAR 1988 

February 1988 

According t o  d a t a  from the  f i s h e r i e s ,  the  main p a r t  of the  1983 year 
c l a s s  appeared on the  spawning sites o f f  Møre i n  mid-February. F ig  29 l 
gives the  a r e a  where spawning herr ing  were recorded i n  the  period 
22.2-19.3 1988. The main spawning grounds were from S t a t t  ( 6 2 O ~ )  t o  
Krist iansund,  and some spawning was a l s 0  recorded nor th  t o  Vikna. 

Fig. 29. Norwegian sp r ing  spawning herr ing .  
Dis t r ibu t ion  of the  1983 year c l a s s  on t h e  spawning sites 
off  Møre i n  FebruaryIMarch 1988. 
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There were very few records of spawning herr ing  i n  the  Lofoten- 
Vesterålen area .  The spawning grounds were e s s e n t i a l l y  t h e  same a s  i n  
the  period 1974-1987. I n  1988, approximately 95% of the  spawning stock 
consis ted  of 1983 year  c l a s s  herr ing.  During day time t h e  he r r ing  on 
t h e  spawning grounds were d i s t r i b u t e d  "hard" down t o  the  bottom and 
were very d i f f i c u l t  t o  observe on the  echo recorder. Only i n  a few 
r e s t r i c t e d  areas  could schools be seen near the  bottom. However, 
during n igh t  t i m e  t h e  herr ing  rose  and dispersed i n  the  upper 100 
meters of the  water masses. Fig 30 shows a typ ica l  n ight  recording on 
t h e  spawning f i e l d s  i n  February 1988. The main spawning commenced by 
the  end of February i n  the  southernmost p a r t  of the  d i s t r i b u t i o n  area .  
Spawning on spawning grounds south of S t a t t  was not  resumed t o  any 
ex ten t  i n  1988. 

Fig. 30. Norwegian sp r ing  spawning herr ing .  
Nighttime echo recording of spawning herr ing .  
More, February 1988. 

Apri l  1988 

The feeding migration i n  1988 seems t o  have followed the  same p a t t e r n  
as  i n  1987. The spent  he r r ing  have moved i n  a northern d i r e c t i o n  from 
the  spawning grounds and the  geographical d i s t r i b u t i o n  at  the  end of 
Apri l  1988 is out l ined i n  Fig  31. The d i s t r i b u t i o n  a r e a  is located  o f f  
the  Norwegian coas t  mainly between 640N and 6 8 O ~  and extending 
approximately 150 nau t i ca l  m i l e s  westwards. 

May 1988 

The geographical d i s t r i b u t i o n  i n  May 1988 i s  shown i n  Fig 32. Compared 
t o  the  end of Apri l  1988 the  he r r ing  have migrated f u r t h e r  nor th  and 
a r e  dispersed over a wider area .  
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Fig. 31. Norwegian spring spawning herring. 
Distr ibution of the 1983 year c lass  i n  April 1988. 

Fig. 32. Norwegian spring spawning herring. 
Distr ibution of the 1983 year c l a s s  i n  May 1988. 
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August 1988 

The herr ing  migrated eastwards during summer, and were located i n  the  
ou te r  p a r t  of the  Vestf jord i n  August(Fig 33). However, some he r r ing  
were d i s t r i b u t e d  west of the  Lofoten Is lands  were the  main 
concentrat ions were located i n  August 1987 (F ig  25) .  The herr ing  were 
recorded a s  a more o r  less continuous l a y e r  a t  the  bottom 
(approximately depth 200-250 m )  and t o  about 30-40111 above bottom. But 
from midnight t o  approximately 4 a.m., the  he r r ing  rose  and formed a 
s c a t t e r i n g  l a y e r  i n  the  upper 50 meters of the  water masses. 

Fig. 33. Norwegian sp r ing  spawning herr ing .  
Dis t r ibu t ion  of the  1983 year c l a s s  i n  August 1988. 
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November 1988 

By November 1988, a s  was the  case i n  November 1987, the  he r r ing  had 
migrated f u r t h e r  i n t o  the  Vestf jord and were now located  i n  the  
t r i b u t a r y  f j o r d s .  I n  1988 the  main concentrat ions were found i n  
Ofotf jord,  Tysfjord and Lavangen. The behaviour was s i m i l a r  t o  t h a t  of 
November 1987. 

Scenario a t  the  end of 1988 

I n  1988 the  major p a r t  of the  1988 year c l a s s  matured and spawned. The 
spawning and feeding migrations i n  1988 were s i m i l a r  t o  1987, thus the  
1983 year c l a s s  seemed t o  have es t ab l i shed  t h e  spawning and wintering 
a reas  and the  migration cyclus. This cyclus was d i f f e r e n t  from t h a t  of 
t h e  t i m e  p r i o r  t o  the  stock col lapse ,  a s  the  1983 year c l a s s  d id  not  
resume the  feeding migration t o  the  Jan MayenINorth Iceland area .  

YEAR 1989 

February-March 1989 

Fig 34 gives the  d i s t r i b u t i o n  of herr ing  on the  spawning f i e l d s  i n  
February-March 1989. The main spawning f i e l d s  a r e  s i m i l a r  t o  1988. 

Fig. 34. Norwegian sp r ing  spawning herr ing .  
Dis t r ibu t ion  of the  1983 year c l a s s  on the  spawning 
sites i n  FebruaryIMarch 1989. 
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However, spawning he r r ing  were recorded o f f  Karmøy (approximately 
59ON) and the re  were a l s 0  repor t s  of spawning he r r ing  from areas  
f u r t h e r  south,  perhaps t o  Siragrunnen (approximately 5 8 O N )  P r i o r  t o  
1955, these  were important spawning grounds f o r  the  Norwegian sp r ing  
spawning herr ing .  F ig  35 gives  the  length and age d i s t r i b u t i o n  of the  
he r r ing  from the  spawning a r e a  a t  KarmØy. This was p r a c t i c a l l y  the  
same length  and age d i s t r i b u t i o n  a s  the  herr ing  on the  spawning sites 
of f  M Ø r e .  A t  p resent  i t  i s  not  known i f  t h i s  he r r ing  had t h e i r  nursery 
a r e a  i n  the  Barents Sea, o r  i f  they a r e  of coas ta l  o r ig in .  

Fig. 35. Norwegian spr ing  spawning herr ing .  
Length and age d i s t r i b u t i o n  of spawning he r r ing  a t  Karmøy, 
March 1989. 

Acoustic abundance estimates 

Absolute abundance es t imates  of the  1983 year c l a s s  have been made by 
the  use of acoust ic  techniques. The procedures, development h i s t o r y ,  
t h e o r e t i c a l  b a s i s  and the  appl ica t ion  of t h i s  technique t o  pe lagic  
f i s h  i n  northern waters a r e  described i n  a paper t o  t h e  Soviet- 
Norwegian symposium on Barents Sea capel in  i n  August 1984 (Dommasnes 
and Røttingen 1985). 

A c e n t r a l  key i n  the  acoust ic  abundance es t imat ion  is  the  t a r g e t  
s t r eng th  - f i s h  length  r e l a t i o n  which is used t o  convert the  acoust ic  
da ta  t o  number of  f i s h .  The O-group he r r ing  i n  Norwegian waters have 
been measured acous t i ca l ly  s ince  1975 (Røttingen 1987a). The following 
t a r g e t  s t r eng th  - length  r e l a t i o n  has been u t i l i z e d  t o  convert the  
acoust ic  d a t a  t o  number of f i s h  during these  surveys: 

This i s  the  same t a r g e t  s t r eng th  - length r e l a t i o n  a s  i s  u t i l i z e d  f o r  
absolute abundance est imates of  Barents Sea cape l in ,  and its o r i g i n  is 
a combination o f :  

1) Counting capel in  t r a c e s  on the  echogram paper and r e l a t i n g  t h i s  t o  
the  a c t u a l  i n t e g r a t o r  value obtained from the  recording. 

2 )  The length  dependant dimension (19.1 logL where L is the  length  of 
the  f i s h )  o r i g i n a t e s  from experimental measurements of  seve ra l  
clupeoid f i s h  (Dalen e t  a l .  1976). 
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The t a r g e t  s t r eng th  - length r e l a t i o n  is not  based on O-group herr ing 
d a t a  exclus ively ,  and abundance est imates of O-group and young herr ing 
based on t h i s  conversion f a c t o r  should be used with ca re  when applied 
i n  an absolute sense. However, t h i s  was the  only t a r g e t  s t r eng th  - 
length r e l a t i o n  "available" when the  systematic O-group herr ing 
inves t igat ions  s t a r t e d  i n  1975. 

The Working group on Atlanto-Scandian he r r ing  has thus not  applied 
these  est imates a s  absolute,  they have applied the  es t imates  as  
abundance "indices",  and a non-biological "conversion fac to r"  has been 
used t o  convert the  O-group number f o r  a c e r t a i n  year c l a s s  t o  number 
of r e c r u i t  spawners 4 years l a t e r .  Other d i f f i c u l t i e s  have been 
encountered during the  acoust ic  survey work on the  1983 year c l a s s  i n  
the  Barents Sea. The survey i n  November 1983 was severely hampered by 
bad weather and the  t o t a l  d i s t r i b u t i o n  area  was therefore  probably not  
covered. In  1984 and especia l ly  i n  1985 the  he r r ing  recordings were 
mixed with capel in ,  making an exact  est imation of the  herr ing 
abundance d i f f i c u l t .  I n  January l986 the  he r r ing  were recorded c lose  
t o  the  bottom. Table 1 gives the  abundance est imates of the  1983 year 
c l a s s  using the  t a r g e t  s t rength  - length r e l a t i o n  described above. 

Table 1. Acoustic abundance est imates of immature 1983 year c l a s s  
(TS = 19. i i o g ~  - 74.0) 

Barents Sea (Fig  6) 
Coastal areas  

Barents Sea (Fig  10) 
Barents Sea (F ig  12) 

Barents Sea (Fig  14)  
Barents Sea 

There has been considerable discussion of the  "rea l"  t a r g e t  s t rength  
value f o r  herr ing (Anon. 1987b). There has now been presented s t rong 
evidence f o r  accepting a general "20 logL" dependance i n  the  t a r g e t  
s t r eng th  - length regression equation f o r  herr ing.  However, the  t a r g e t  
s t r eng th  i s  not  a f ixed value. It i s  s t rongly  r e l a t e d  t o  the  
swimbladder a rea  and volume and w i l l  change due t o  physiological  
changes of the  swimbladder with depth and f i s h  condit ion.  Thus the  
in te rcep t  value i n  the  t a r g e t  s t rength  -1ength regression equation w i l  
vary according t o  season, depth e t c .  

From the  chronological review given i n  the  present  paper, i t  can be 
seen t h a t  herr ing have been recorded with varying behaviour according 
t o  season, geographical d i s t r i b u t i o n  e t c . ,  some examples a r e  given 
below : 
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1) recordings of I-group i n  small schools i n  deeper water,  summer 
season (Fig  7 ) .  

2) Ver t i ca l  migration, adu l t  herr ing i n  wintering areas .  The "correct"  
t a r g e t  s t r eng th  value w i l l  probably change dramatical ly from n igh t  t o  
day s i t u a t i o n  (Fig  28) .  

3)  Night s c a t t e r i n g  l ayer ,  spawning areas  (Fig  30) .  

By using only one TS - value one should of course be ca re fu l  t o  
compare est imates made during d i f f e r e n t  times of year and/or day. The 
most r e l i a b l e  r e s u l t s  w i l l  be obtained by comparing es t imates  made 
under the  same condit ions,  i .e .  t h e  same time of the  year. 

From 1987 the  abundance est imates of the 1983 year c l a s s  of he r r ing  
have been used a s  absolute est imates i n  the  assessment work of the  
Working Group. Taken i n t o  account the  information ava i l ab le  i n  October 
1987, t h e  Working Gsoup on Atlanto-Scandian herr ing recommended the  
following t a r g e t  s t r eng th  - length equation f o r  use i n  acoust ic  
abundance est imations of adu l t  Norwegian spr ing spawning herring:  

TS = 20.0 logL - 71.9 (Foote 1987, Anon. 1988) 

This value i s  based on " in-s i tu"  t a r g e t  s t rength  measurements of adu l t  
herr ing and may not  be the  cor rec t  t a r g e t  s t rength  - length r e l a t i o n  
f o r  O-group and young herring.  

Table 2 gives the  acoust ic  absolute est imates of the  1983 year c l a s s  
obtained s ince  August 1987 by the  use of the recommended t a r g e t  
s trength-length equation. The est imates of the  adu l t  he r r ing  obtained 
i n  1987 a r e  lower than the  est imates i n  1988 and 1989. Reasons f o r  
t h i s  may be dense schooling i n  Vestfjord/Ofotfjord (F ig  28) with a 
possible acoust ic  shadowing. Further,  the  herr ing of coas ta l  o r i g i n  
may not  have rec ru i t ed  t o  the  main stock i n  1987. 

Table 2. Acoustic abundance est imates of adu l t  1983 year c l a s s  
(TS = 20.0 logL - 71.9) 

YEAR 

l987 

i988 

1989 

PERIOD ABUNDANCE COMMENTS 
( N  x 

Aug 4100 Off Lofoten (Fig  25) 
Sept 2000 Vestf jord (Fig  26) 
Nov 2800 Vestf j /Ofotf jord (Fig  27) 

Feb 6805 Spawning area  (Fig  29) 

Feb 5118 Spawning area  (F ig  34) 
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Migration 

I n  autumn 1983 the  O-group herr ing were d i s t r i b u t e d  i n  two 
geographically d i f f e r e n t  nursery grounds: 

1) The main p a r t  of the O-group population was d i s t r i b u t e d  i n  the  
offshore regions of the  Barents Sea 

2 )  A minor p a r t  of the  population was d i s t r i b u t e d  i n  t h e  f j o r d  areas 
of northwestern and northern Norway 

It has been poss ib le  t o  map the  general migration routes  of the  p a r t  
of the  population d i s t r i b u t e d  i n  the  Barents Sea. This population has 
probably been augmented by herr ing which spent  t h e i r  f i r s t  ( o r  f i r s t  
and second) winter i n  the  f j o r d s  of northern Troms and Finnmark and 
then emigrated t o  the  offshore areas of the  Barents Sea. (The t e r m  
"component" should therefore  be used with ca re  t o  discriminate the  
he r r ing  i n  the  f j o r d s  and offshore areas respect ively ,  a s  "component" 
ind ica tes  a s t a t i c  s i t u a t i o n  with minimum interchange).  The migrations 
of the  herr ing d i s t r i b u t e d  i n  the  f j o r d  areas have been more d i f f i c u l t  
t o  follow. 

1) This he r r ing  stayed i n  the  Barents Sea u n t i l  May-June 1986, i .e .  a 
t i m e  period of 3 years. Fig 36 gives  a schematic presenta t ion of the 
migrations which the  herr ing i n  the  offshore regions of the  Barents 
Sea ca r r i ed  out  i n  the  period it stayed i n  the  Barents Sea. The 
wintering areas  were i n  general located f u r t h e r  t o  the  e a s t  than the 
feeding areas.  

Fig. 36. Norwegian spr ing spawning herring.  
Migration routes (schematic) f o r  the  1983 year c l a s s  i n  
t h e  Barents Sea. 
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2) Fig  37 gives  a schematic presenta t ion  of poss ib le  migrations which 
the  f j o r d  d i s t r i b u t e d  O-group he r r ing  l a t e r  undertook. I n  sp r ing  and 
summer 1984 i t  is poss ib le  t h a t  I-group herr ing  emigrated from the  
f j o r d s  of northern Troms and from Finnmark and joined t h e  he r r ing  i n  
the  of fshore  regions of the  Barents Sea. I f  t h i s  was not  the  case,  the  
disappearance of he r r ing  from the  f j o r d  areas  must be due t o  n a t u r a l  
mor ta l i ty .  Dragesund (1970) s t a t e s  t h a t  the  he r r ing  of the  r i c h  1959 
year c l a s s  which wintered i n  1959/1960 i n  the  f j o r d s  of Northern 
Norway migrated from the  f j o r d s  t o  of fshore  a reas  i n  the  Barents Sea 
i n  sp r ing  1960 and thus increasing t h e  offshore population of young 
he r r ing  i n  the  Barents Sea. Contrary t o  1960, when schools of I-group 
he r r ing  o r i g i n a t i n g  from the  f j o r d s  of Troms (Dragesund 1970) were 
observed i n  the  a rea  between Lofoten and SØrØya, no I-group he r r ing  
were observed i n  t h i s  a r e a  i n  1984. Samples of young and adolescent  
herr ing  with f a s t e r  growth r a t e s  than the  he r r ing  i n  the  Barents Sea 
were observed o f f  Helgeland i n  spr ing  1985 and 1986, i n  the  wintering 
grounds a t  MØre i n  1985-1987, and on the  spawning sites of f  More i n  
1986 and 1987. It is thought t h a t  t h i s  he r r ing  had a coas ta l  o r ig in .  
From the  spawning seasons 1987/1988 t h i s  he r r ing  has probably 
followed the  migrations of the  main population, i .e .  t h e  he r r ing  from 
the  Barents Sea. However, the  na ture  of t h i s  mixing is  not  known. 
There may s t i l l  be groups of herr ing  of coas ta l  o r i g i n  within t h e  main 
populat ion,  a t o t a l  mixing needs not  t o  have taken place.  

Fig. 37. Norwegian sp r ing  spawning herr ing .  
Poss ib le  migration routes  f o r  the  1983 year c l a s s  of c o a s t a l  
o r i g i n .  
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The 1983 year  c l a s s  migrated from the  Barents Sea and i n t o  the  eas te rn  
p a r t  of the  Norwegian Sea a s  3 year  o ld  immature he r r ing  i n  May-June 
1986. The following movements of t h a t  component f o r  the  period August 
1986 t o  FebruaryIMarch 1989 can be out l ined a s  follows. I n  the  
beginning of August the  he r r ing  accumulates i n  an a rea  west of the  
Lofoten I s l ands  and i n  the  ou te r  p a r t  of the  Vestf jord.  Medio August 
t o  primo September the  migration i n t o  the  Vestf jord s t a r t s .  The 
wintering a reas  were however somewhat d i f f e r e n t  i n  1986187 compared t o  
1987188 and 1988189. I n  1986/87 the  he r r ing  wintered i n  the  middle and 
ou te r  p a r t  of Vestf jord,  but  i n  the  l a t t e r  winter  the  he r r ing  wintered 
c l o s e r  t o  the  shore and i n  t r i b u t a r y  f j o r d s  of the  Vestf jord.  The 
spawning migration s t a r t e d  a t  the  end of January. The 1983 year c l a s s  
spawned on the  t r a d i t i o n a l  spawning grounds off  Møre. After  spawning 
the  he r r ing  undertakes a northward feeding migration. During summer 
the  he r r ing  a r e  dispersed i n  small sca t t e red  schools ,  and feed i n  an 
a r e a  from approximately 6 4 0 ~  t o  6 9 O ~  and extending t o  200 miles from 
the  Norwegian coas t ,  an a rea  of approximately 40 thousand square 
n a u t i c a l  miles. These seasonal changes and migrations a r e  summarized 
i n  Fig  38D. 

DISCUSSION 

The biology and migrations of the  e a r l y  s t ages  of Norwegian spr ing  
spawning he r r ing  have been a top ic  of discussion f o r  many years.  Lea 
(1929) was of  the  opinion t h a t  most of the  O-group he r r ing  entered  the  
f j o r d s  of  western and northern Norway and were d i s t r i b u t e d  i n  coas ta l  
waters ,  but  a t  t h a t  t i m e  no attempt had been made t o  search f o r  
O-group he r r ing  i n  the  open sea.  Devold (1950) showed t h a t  he r r ing  of 
the  r i c h  1950 year  c l a s s  were d i s t r i b u t e d  f a r  of fshore  i n  the  
nor theas tern  p a r t  of the  Norwegian Sea, and he suggested t h a t  only a 
small p a r t  of the  t o t a l  O-group population entered the  Norwegian 
f j o r d s .  Others (Marty and Fedorov 1963) argued t h a t  most of them were 
d i s t r i b u t e d  i n  the  Norwegian c o a s t a l  waters. Dragesund (1970) s tudied  
the  year  c l a s s e s  1959-1965 and h i s  conclusion was t h a t  s t rong  year 
c l a s s e s  (e .g.  1959,1960) had an oceanic d i s t r i b u t i o n ,  and only a minor 
p a r t  of the  O-group population entered the  f j o r d s  of northern Norway. 
For weak year  c l a s s e s  (e.g. 1961,1962) the  d i s t r i b u t i o n  was more 
r e s t r i c t e d  t o  the  coas ta l  a reas ,  and a g rea te r  proport ion of the  t o t a l  
O-group population was present  i n  the  coas ta l  a reas .  

I n  the  1950's and 1960's the  d i s t r i b u t i o n  of the  young he r r ing  and the  
recrui tment  t o  the  spawning stock was a c e n t r a l  po in t  i n  the  
d iscuss ion of the  population dynamics and assessment of t h e  Norwegian 
sp r ing  spawning herr ing .  I f  most of the  young he r r ing  were d i s t r i b u t e d  
i n  the  c o a s t a l  waters,  then the  i n d u s t r i a l  f i s h e r y  on the  0- and 
I-group he r r ing ,  which up t o  the  mid 1960's only took place  i n  the  
inshore waters ,  would have g r e a t  e f f e c t  on t h e  recrui tment t o  the  
spawning stock.  Contrary, i f  most of the  O-group he r r ing  had an 
offshore  d i s t r i b u t i o n  then the  c o a s t a l  i n d u s t r i a l  f i s h e r y  would be of 
less importance t o  the  population dynamics of the  stock.  

The s i t u a t i o n  a f t e r  the  stock col lapse  supports  the  theory t h a t  young 
he r r ing  of weak year  c l a s s e s  have a mainly c o a s t a l  d i s t r i b u t i o n ,  and 
the  young he r r ing  of s t rong  year  c l a s s e s  have an offshore 
d i s t r i b u t i o n .  The year  c l a s ses  which have occurred s ince  the  stock 
col lapse  up u n t i l  1982 were a l l  weak, and were a s  young herr ing  
mainly d i s t r i b u t e d  i n  coas ta l  waters.  The s t rong  1983 year c l a s s  had a 
t y p i c a l l y  oceanic d i s t r i b u t i o n  a s  O-group, only a minor p a r t  of the  
year  c l a s s  had ursery  a rea  i n  the  coas ta l  waters.  The general 
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d i s t r i b u t i o n  p ic tu re  f o r  young he r r ing  is  thus i n  p r i n c i p l e  the  same 
f o r  the  1983 year  c l a s s  a s  f o r  o the r  s t rong  year  c l a s s e s  i n  the  time 
p r i o r  t o  the  s tock collapse.  But a r e  the  migrations s imi lar?  

According t o  Dragesund (1970) herr ing  of the  s t rong  1959 year  c l a s s  
were observed i n  the  regions of Bear Is land and Hope I s l and  as  I- 
group. Later  the  he r r ing  migrated south t o  the  c e n t r a l  and southern 
p a r t s  of the  Barents Sea. The seasonal migrations of the  1983 year I 

c l a s s  i n  the  Barents Sea a r e  shown schematically i n  Fig  36. The 1983 l year c l a s s  had a more eas te rn  d i s t r i b u t i o n  than the  1959 yearc lass  i n  
the  Barents Sea. For the  1983 year c l a s s  the  wintering areas  a r e  
genera l ly  d i s t r i b u t e d  f u r t h e r  t o  the  e a s t  than the  feeding a reas  i n  
summer, the  migrations have therefore ,  i n  some con t ras t  t o  the  1959 
year c l a s s ,  taken place i n  an east-west d i rec t ion  

I n  May-June 1986 the  offshore d i s t r i b u t e d  he r r ing  of the  1983 year  
c l a s s  emigrated from the  Barents Sea and i n t o  the  eas te rn  p a r t  of the  
Norwegian Sea. Have the  l a t e r  migrations been comparable t o  the  
migration routes  of the  adu l t  her r ing  before the  s tock collapse? 

Figs 13A-C (Dragesund e t  a l .  1980) show the  migration rou tes  f o r  
adu l t  Norwegian sp r ing  spawning herr ing  from 1950 t o  t h e  s tock 
col lapse  a t  t h e  end of the  19601s. From the  begining of the  1970's  t o  
1986 the  adu l t  he r r ing  stock was d i s t r i b u t e d  i n  the  Norwegian c o a s t a l  
a reas .  The s i t u a t i o n  f o r  the  period August 1986 t o  August 1988 is 
shown i n  Fig  1 3 D .  

Some he r r ing  of the  1959 year c l a s s  migrated westwards t o  the  feeding 
areas  i n  the  Jan Mayen-North Iceland a rea  i n  summer/autumn of 1962, 
but the  main p a r t  of  t h i s  year  c l a s s  spent  the  summer and autumn 
seasons o f f  Troms, where they a l s o  wintered.They appeared a s  r e c r u i t  
spawners and spawned o f f  Lofoten i n  winter 1963 (Devold 1968, 
Dragesund 1970). 

After  the  emigration from the  Barents Sea i n  May-June 1986, the  1983 
year  c l a s s  was d i s t r i b u t e d  off  Lofoten (Figs 17 and 3 8 ~ ) ~  t h a t  is  
f u r t h e r  south than the  1959 year c l a s s  was d i s t r i b u t e d  a s  3 years  old.  
The 1983 year c l a s s  wintered i n  1986187 i n  ou te r  Vestf jord (F ig  20) .  
Contrary t o  the  he r r ing  of the  1959 year c l a s s ,  the  1983 year  c l a s s  
d id  not  spawn i n  the  Lofoten area ,  but migrated south t o  the  
t r a d i t i o n a l  spawning areas  o f f  M~re (Fig  38D). The main p a r t  of the  
northern population of the  1959 year  c l a s s  became r e c r u i t  spawners i n  
1963, i . e .  4 year  o ld  f i s h  (Devold 1968). The majori ty of  the  1983 
year c l a s s ,  however, were r e c r u i t  spawners i n  1988, one year  o lde r  
than the  1959 year  c l a s s .  

F ig  38 shows t h a t  the  1983 year c l a s s ,  u n t i l  now, has no t  migrated out  
t o  the  "old" feeding grounds i n  the  North Iceland-Jan Mayen area .  The 
feeding areas  of t h e  1983 year c l a s s  has been from the  c o a s t a l  a reas  
and extending approx. 200 nau t i ca l  miles out  i n  the  Norwegian Sea. 

A t  p resent  i t  cannot, of course, be s a i d  with m y  c e r t a i n t y  i f  the  
1983 year c l a s s  i n  the  f u t u r e  w i l l  keep t o  the  same migration routes  
a s  i t  has done s ince  summer 1986. It should be kept  i n  mind t h a t  the  
northern "component" of the  1959 year c l a s s  made an abrupt change i n  
the  migration p a t t e r n  i n  autumn 1966 a s  7 year  o ld  f i s h .  (Devold 
1968). Is the  f a c t  t h a t  the  herr ing  i n  spr ing  1989 appeared on the  
spawning grounds o f f  KarmØy (Fig 34) f o r  the  f i r s t  t i m e  i n  30 years  an 
ind ica t ion  t h a t  the  migration pa t t e rn  of the  1983 year  c l a s s  is 
changing? 
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Fig. 38. Migration routes of Norwegian spring spawning herring. 
A.  1950-1962 
B. 1963-1966 
C. 1967-1968 
D .  August 1986 t o  present. 
(A,B and C from Dragesund e t  a l .  1980). 
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