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ABSTRACT 

This paper is  a review of the  h i s to ry  and exp lo i t a t ion  of the  
Norwegian spr ing spawning herr ing stock.  I n  a v i r g i n  s t a t e  the  biomass 
of t h i s  s tock may have ranged from 15 t o  20 mi l l ion  tonnes and i t  was 
the  most important f i s h  resource i n  the  Northeast At lant ic .  The adu l t  
s tock u t i l i z e d  the  r i c h  plankton production along the  Polar  Front i n  
the  Norwegian Sea but spawned during winter on the  Norwegian w e s t  
coas t .  These spawners formed the  bas i s  f o r  t h e  l a r g e s t  f i she ry  i n  
Europe f o r  centur ies .  The young and adolescent he r r ing  a r e  d i s t r i b u t e d  
i n  Norwegian coas ta l  waters and i n  the  Barents Sea where they 
c o n s t i t u t e  the  most important prey species f o r  many stocks of 
predators ,  both of f i s h ,  b i r d s  and mammals. 

Due t o  technical  advances the  exploi ta t ion  of the  he r r ing  increased 
tremendously i n  the  1960's and the  adu l t  s tock was f i shed out  
completely i n  1970. Some small components of juvenile he r r ing  did 
however survive ,  and spawned on the  t r a d i t i o n a l  spawning grounds i n  
1973. After  spawning the  herr ing did  not  migrate t o  the  t r a d i t i o n a l  
feeding a r e a  i n  the  Norwegian Sea, but  remained i n  Norwegian coas ta l  
waters throughout t h e  year.  I n  l a t e r  years t h e  stock has recovered 
slowly, but  the  o ld  t r a d i t i o n a l  migration pa t t e rn  of he r r ing  between 
the  Polar  Front a rea  and the  Norwegian coas t  has not  ye t  been 
re ta ined.  It is  concluded t h a t  the  break down of the  l i f e  cycles of 
the  he r r ing  is  the  prime reason f o r  the  recent  c r i s i s  which has 
developed i n  t h e  Barents Sea stocks and f i s h e r i e s .  
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INTRODUCTION 

The present  paper reviews the  h i s t o r y  of the  f i she ry  and research on 
the  Norwegian spr ing spawning he r r ing  and the  regulat ion measures 
introduced t o  conserve the  stock i n  recent  years. I n  conclusion 
emphasis is  l a i d  on the  importance of the  stock f o r  the  balance i n  the  
predation/prey re la t ionsh ip  i n  the  ecosystem of the  Norwegian Sea and 
Barents Sea. 

STOCK IDENTITY 

The term "Atlanto-Scandian herring" was introduced by Johansen (1919) 
and is  used a s  a common name f o r  th ree  stocks: Norwegian spr ing 
spawners, Ice landic  spr ing spawners, and Ice landic  summer spawners. 
The Norwegian spr ing spawners a r e  the  l a r g e s t  of these s tocks ,  with 
spawning grounds s i t u a t e d  mainly along the  Norwegian coas t .  

STOCK STRUCTURE 

Whether t h e  Norwegian spring-spawning herr ing c o n s t i t u t e  a s i n g l e  
homogeneous stock has been the  subject  of conf l i c t ing  s c i e n t i f i c  
views. Broch (1908) found t h a t  the  ve r tebra l  counts of the  spawners 
were not the  same throughout the  t o t a l  d i s t r i b u t i o n  range. Lea (1929) 
observed t h a t  the  sca les  of young herr ing from northern and southern 
Norway d i f f e r e d  i n  the  pa t t e rn  of t h e i r  winter r i n g s ,  r e f l e c t i n g  
di f ferences  i n  t h e i r  growth r a t e s  during adolescence. I n  the  l i g h t  of 
such d i f fe rences ,  Schnackenbeck (1931) concluded t h a t  the  Norwegian 
spawning population was d i v i s i b l e  i n t o  a t  l e a s t  two "races", and 
Ottestad (1934) s p l i t t e d  the  stock i n t o  a northern and a southern 
component with spawning grounds t o  the  north and south of More 
respect ively .  RunnstrØm (1937,1941), on the  o ther  hand, claimed t h a t  
such a s t r i c t  separat ion was not  consis tent  with the  ava i l ab le  
evidences. 

Østvedt (1958) found t h a t  there  was an increasing intermixing of the  
two types with age, and t h a t  the  proportions of the  two types var ied  
considerably between year c lasses .  H e  concluded t h a t  he r r ing  of the  
two growth types could not be members of d i f f e r e n t  "races". The 
r e s u l t s  of the  tagging experiments ca r r i ed  out  on the  Norwegian 
spawning grounds and i n  the  oceanic feeding areas  (Dragesund and 
Jakobsson, 1963) a l s o  show t h a t  the  spawners change t h e i r  grounds from 
year t o  year along the  Norwegian coast .  I n  l i g h t  of a l l  the  ava i l ab le  
evidences i t  is therefore  reasonable t o  assume t h a t  the  Norwegian 
spr ing spawners a r e  members of a s i n g l e  stock and t h a t  the  two 
d i s t i n c t i v e  growth types a r e  herr ing which o r ig ina te  from d i f f e r e n t  
nursery areas .  

DISTRIBUTION AND MIGRATION 

1. Adult he r r ing  

Knowledge of the  d i s t r i b u t i o n  and migration of the  adu l t  he r r ing  i s  
obtained from severa l  sources, such a s  r a c i a l  ana lys i s  (Fr idr iksson,  
1963), tagging experiments (Fridriksson and Aasen, 1952; Jakobsson, 
1963) and acoust ic  surveys (Devold, 1963 ; Anon. , 1964 ; and Jakobsson, 
1971). For many years these surveys were ca r r i ed  out  j o i n t l y  by 
Denmark, Iceland,  Norway and the  USSR. 
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2. Herring periods 

For cen tu r i e s  t h i s  herr ing  has been the  b a s i s  f o r  one of  the  l a r g e s t  
f i s h e r i e s  i n  Norway, and f o r  more than 100 years the  sub jec t  of 
s c i e n t i f i c  inves t iga t ions .  I n  1857 the  Norwegian Government gave 
Dr.Axel Boeck (1871) the  task  of inves t iga t ing  the  so-cal led "spring 
herr ing".  Boeck brought together  many h i s t o r i c a l  f a c t s  about the  
Norwegian sp r ing  he r r ing  f i she ry  and he found t h a t  the  f i she ry  had 
periods of high abundance a l t e r n a t i n g  with periods of extreme 
s c a r c i t y .  According t o  Boeck, the  symptoms of a Norwegian he r r ing  
period approaching i ts end a r e  t h a t  the  he r r ing  a r r i v e  l a t e r  each year  
a t  t h e  Norwegian coas t ,  which had been the  s i t u a t i o n  i n  the  1870's. 
Boeck found s i m i l a r  pe r iod ic i ty  i n  the  he r r ing  f i she ry  of  Bohuslan i n  
Sweden and suggested t h a t  t h i s  f i she ry  could o r i g i n a t e  from the  
Norwegian sp r ing  spawning herr ing  stock.  Boeck's view t h a t  the  sp r ing  
he r r ing  could leave  the  usual spawning grounds crea ted  g r e a t  f e a r  
among the  fishermen, and the  Norwegian Government asked G.O.  Sars  t o  
i n v e s t i g a t e  t h i s  problem. 

Af ter  th ree  years  of inves t iga t ion  G.O.Sars succeeded i n  drawing a 
f a i r l y  c o r r e c t  p i c t u r e  of the  l i f e  h i s t o r y  of  the  Norwegian herr ing .  
He bel ieved t h a t  the  "spring herr ing" l i v e d  i n  the  surface  l aye r s  of 
the  open s e a  between Scotland, Norway and Ice land,  feeding on 
copepods, and a t t a i n i n g  maturi ty when being about 6 years  o ld .  The 
spawning a r e a  was located off  the  Norwegian coas t  between Stavanger 
and Krist iansund,  from which the  la rvae  were spread northwards by the  
cu r ren t s .  I n  the  years  1868-1874 g r e a t  q u a n t i t i e s  of so-cal led " large  
herr ing" were caught of f  northern Norway i n  the  autumn. Or ig inal ly  he 
regarded the  " large  herr ing" a s  a s p e c i a l  t r i b e  with unknown spawning 
grounds but  l a t e r  he found t h a t  the  connection between the  "spring 
herr ing" and " large  herr ing" f i s h e r i e s  was c l o s e r  than he e a r l i e r  
bel ieved.  With respect  t o  a l t e r n a t i n g  he r r ing  per iods ,  G.O.  Sars  views 
were d i f f e r e d  from those of Boeck. Sars  had found juvenile  he r r ing  
f u r t h e r  o f f  the  coast  than was usual  and considered i t  l i k e l y  t h a t  the  
he r r ing  would soon re tu rn  t o  the  o ld  spawning grounds. H e  questioned 
whether he r r ing  periods r e a l l y  d id  e x i s t  i n  the  Norwegian he r r ing  
f i s h e r i e s  and thought i t  unl ike ly  t h a t  the re  should be any connection 
between the  "spring herr ing" and the  he r r ing  responsib le  f o r  the  g r e a t  
he r r ing  f i s h e r i e s  i n  Bohuslan. 

Jensen (1881) and Buck (1888) continued the  he r r ing  s t u d i e s  i n  the  
following years and described the  he r r ing  on the  w e s t  coas t  as "new 
herring" cons i s t ing  of a mixture of immature and mature he r r ing  which 
i n  s i z e  became s i m i l a r  t o  the  spr ing  herr ing .  The he r r ing  spawned on 
the  usual  spawning grounds but  was f a r  less abundant a s  before 1870. 

The mature he r r ing  found i n  shallow a reas  o f f  northern Norway i n  1868- 
1874 were inves t iga ted  by Boeck and Sars  and were described a s  herr ing  
of the  same s i z e  a s  the  "spring herr ing" ,  but  i n  much b e t t e r  
condit ion.  The ovar ies  showed t h a t  they were not  ready t o  spawn. I n  
December, the  " l a rge  herring" disappeared from northern Norway but  
t h e i r  spawning ground was never observed. 

During the  winter  of  1877, g r e a t  schools of  he r r ing  were discovered 
penet ra t ing  the  Bohuslan s k e r r i e s ,  and f o r  20 winters  i n  succession,  a 
g r e a t  he r r ing  f i s h e r y  was c a r r i e d  out  the re .  The he r r ing  had been 
absent s ince  1808, but  s imi la r  f i s h i n g  periods i n  t h i s  a r e a  a r e  t raced 
back i n  h i s t o r y  f o r  about 1000 years ,  and i t  looks a s  i f  the  Bohuslan 
and Norwegian "spring herr ing" f i s h i n g  periods occured a l t e r n a t e l y .  A t  
the  time of the  Bohuslan f i s h e r y ,  he r r ing  f i s h e r i e s  als0 grew up on 
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the  Norwegian s i d e  of the  border t o  Sweden (Ljungman, 1882; 0. 
Pe t t e r s son ,  1922; Devold 1963) . 
During the  winter  of 1895-96 Norwegian fishermen caught g r e a t  
q u a n t i t i e s  of l a r g e  he r r ing  i n  the  Skagerak f o r  the  l a s t  t i m e .  It was 
a l s o  the  l a s t  winter  i n  which g r e a t  herr ing  f i s h e r i e s  occurred i n s i d e  
the  s k e r r i e s  i n  Bohuslan. The following winter  he r r ing  concentrat ions 
along the  coas t  of western Norway were of the  same magnitude a s  i n  the  
good f i s h i n g  winters  before 1870 (Buvik, 1895-99)# 

I n  the  autumn of 1896 onwards, g rea t  schools of he r r ing  were 
discovered off  Møre. They were ca l l ed  " large  herr ing" ,  and an 
extensive he r r ing  f i s h e r y  began on them. These he r r ing  schools  
disappeared before Christmas, but  i n  January new schools  a r r ived  and 
moved southwards along the  coas t  and were l a t e r  caught from Haugesund 
southwards t o  Lindesnes. These schools were c a l l e d  "spring herr ing".  
I n  the  beginning of t h i s  century the  he r r ing  f i s h e r i e s  had two 
seasons, one based on the  " large  herr ing",  the  o the r  on the  "spring 
herr ing".  The l a r g e  he r r ing  a r r ived  each year  l a t e r  i n  the  coas ta l  
waters and a f t e r  1921 no he r r ing  a r r ived  i n  the  Møre region before the  
1st of January. I n  the  1930's  the  he r r ing  spawned i n  e a r l y  February, 
whereas the  spawning i n  the  1950's took place i n  e a r l y  March. 
Simultaneously the  d i s t r i b u t i o n  a rea  decreased and the  cen te r  of 
spawning moved northwards. The spawning grounds south of  Bergen were 
abandoned i n  the  late l95O1s, and i n  l a t e r  years  the  spawning has been 
concentrated on the  coas t  from M@re t o  Lofoten (Devold, 1963). 

The simultaneous changes i n  the  spawning time and i n  the  displacement 
of the  spawning grounds northwards gave rise t o  a renewed discussion 
of a l t e r n a t i n g  he r r ing  periods between the  r i c h  Bohuslan f i she ry  and 
the  winter  he r r ing  f i s h e r y  on the  Norwegian west coas t .  I n  a s e r i e s  of 
a r t i c l e s  and publ ica t ions  i n  the  1950's Finn Devold supported t h e  
theory of  a l t e r n a t i n g  he r r ing  periods and predicted t h a t  the  
displacement of the  spawning grounds and the  delay i n  the  spawning 
t i m e  indica ted  the  end of the  he r r ing  f i she ry  on the  Norwegian w e s t  
coas t  (Devold 1950,1955,1959,1960,1963,1964). Devold a l s 0  developed an 
hypothesis which explained the  processes which governed the  r e l a t i o n  
between t h e  spawning behaviour and the  migration. H i s  bas ic  assumption 
was t h a t  i t  takes  a l i t t l e  more than one year  between successive 
spawnings. The he r r ing  w i l l  then a r r i v e  a t  the  Norwegian coas t  l a t e r  
each year  and a l s o  leave  the  coas t  l a t e r .  When pos t  spawners a r e  
leaving l a t e ,  they have t o  pass the  a rea  on the  Norwegian cont inenta l  
she l f  a f t e r  the  copepods have entered surface  l aye r s ,  i n  Apr i l .  The 
he r r ing  w i l l  t he re fo re  s t a r t  feeding here and w i l l  move northwards off  
the  Norwegian coas t .  

I n  the  autumn, the  he r r ing  used t o  migrate t o  the  cold a r c t i c  water i n  
the  East  I ce land ic  Current f o r  wintering.  Being o f f  northern Norway 
they w i l l  be f a r  from the  a r c t i c  water of the  East  Ice landic  Current.  
Cold water w i l l ,  however, be ava i l ab le  near  the  Norwegian coas t ,  where 
the  winter  cooling of the  coas ta l  waters w i l l  have s t a r t e d ,  and these 
waters w i l l  t he re fo re  be invaded f o r  wintering. Since the  temperature 
of t h e  c o a s t a l  water of northern Norway is higher than t h a t  of the  
East I ce land ic  Current ,  t he  gonads of these  he r r ing  w i l l  develop 
f a s t e r  and spawning w i l l  t ake  place e a r l i e r  than i n  the  preceding 
season. Af ter  spawning these  he r r ing  w i l l  l eave  the  Norwegian coas t  
e a r l y ,  and r e t u r n  f o r  feeding along t h e  Polar  Front e a r l i e r  than 
usual .  The next  autumn t h e i r  spawning migration w i l l  therefore  
s t a r t  e a r l y . ,  and the  migrating schools w i l l  have t o  pass through 
water masses of a higher temperature than usual .  The Norwegian coas ta l  
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waters o f f  More, where the  herr ing usual ly  a r r i v e ,  have a surface 
o 

temperature above 10 C i n  the  autumn. The herr ing w i l l  avoid t h i s  warm 
water and move toward the  Ba l t i c  water of a temperature of s i x  t o  
seven degrees. The herr ing may then pass through t h e  Norwegian Channel 
i n t o  the  Skagerak, and spawn of f  the Norwegian south coas t ,  and o f f  
Bohuslan. After  spawning the  herr ing invade the  coas ta l  a reas  of 
Bohuslan, and the  south-east coast  of Norway where they spend the  
" r e s t i n g  t i m e "  i n  cold water. The delay i n  spawning t i m e  by years w i l l  
however increase  the  chances t h a t  the  herr ing meet cold B a l t i c  water 
i n  the  Skagerak on the spawning migration. I f  the  B a l t i c  water is too 
cold ,  the  he r r ing  w i l l  f i nd  warmer spawning grounds f u r t h e r  west. I f  
t h e  he r r ing  have t o  leave a spawning ground and f ind  a new one, they 
w i l l  r e tu rn  t o  t h i s  new ground f o r  the  succeeding spawnings. I n  t h i s  
way the  herr ing a r e  driven out  of the  Skagerak, and l a t e r  a l s o  have t o  
avoid the southern spawning grounds i n  western Norway. I n  t h i s  way 
r i c h  herr ing periods of the  Bohuslan and of t h e  Norwegian w e s t  coast  
may a l t e r n a t e  and the  hypothesis a l s o  explaine the  intermediate 
occurrence of the  " large  herring" wintering i n  the  nor th  Norwegian 
f jo rds .  

Devolds hypothesis was s t rongly  opposed by Swedish s c i e n t i s t s  
(Andersson 1950, 1956, Hoglund 1959,1960,1977). Based on s i z e  and age 
composition analys is  of the  Bohuslan herr ing,  they claimed t h a t  t h i s  
s tock had no connections with the  Norwegian spr ing spawning herr ing,  
but was re la ted  t o  t r i b e s  which were ususal ly  f i shed i n  the  North Sea, 
Skagerak and Kattegat.  

The Norwegian west coas t  herr ing f i she ry  collapsed i n  the  1960's due 
t o  deplet ion of t h e  stock by the  f i she ry .  The feeding migration t o  the  
Polar  Front a rea  was in ter rupted i n  the  e a r l y  1970's.  and i n  the  
subsequent years the  postspawners have been feeding off  the  Norwegian 
coast  and have wintered i n  the  Norwegian f j o r d s  a s  presupposed by 
Devold's hypothesis.  The maturing of the  he r r ing  has,  however, not 
developed a s  predicted.  The herr ing have matured i n  February-March a s  
they d id  i n  the  1960's and have spawned on the  t r a d i t i o n a l  spawning 
grounds from More t o  Lofoten. I n  1989 a small component a l s o  spawned 

, on the  southern grounds f o r  the  f i r s t  t i m e  s ince  1959, and t h i s  
spawning took place r a t h e r  l a t e  i n  the  spawning season ( f i r s t  ha l f  of 
March) . 

l 

3. Migration pa t t e rn  

The migration of  the  adu l t  herr ing stock is  recorded i n  d e t a i l  s ince  
the  e a r l y  1950's. After spawning most of the  spent  herr ing moved 

l northwestwards i n t o  the  Norwegian Sea where they fed on zooplankton. 
The l a r g e r  f i s h  reached the  Polar  Front i n  June and July  and some 

l 

l crossed i n t o  the  cold water. The l i m i t  of the  summer feeding migration 
extended from the  Spitsbergen-Jan Mayen area  i n  the  north t o  the  
western borders of the  East Icelandic Current i n  the  south. The l a rge r  
f i s h  moved f u r t h e r  t o  the  northwest than the  smaller  f i s h  (Marty, 
1959; Marty and Wilson, 1960). 

During the  autumn the  herr ing was found i n  the  southwestern p a r t  of 
the  Norwegian Sea along the  borders of the  East Ice landic  Current. The 
r ipening he r r ing  wintered i n  an area  off  East Iceland.  I n  December and 
January prespawning concentrations moved towards the  Norwegian coast.  
Devold (1951,1959,1963) described i n  d e t a i l  t h e  spawning migration 
towards the  coast  i n  the  50's .  H e  found t h a t  the  he r r ing  gather i n  
cold-water pockets before penetrat ing the  warm At lan t i c  Current i n t o  
the  colder Norwegian coas ta l  water. The he r r ing  usual ly  a r r i v e  at  the 
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Norwegian coas t  o f f  Mare and spread f a r t h e r  south and nor th  t o  spawn. 

This descr ip t ion of the  d i s t r i b u t i o n  and migratory p a t t e r n  of t h e  
adu l t  s tock r e f e r s  t o  a s t a t e  when the  stock was a t  a r e l a t i v e l y  high 
l e v e l .  Between l950 and 1962 the  stock declined. The spawning was 
gradually displaced northwards, and a f t e r  1959 spawning south of 
Bergen was neg l ig ib le  (Devold, 1963; Dragesund, 1970) . I n  1950-1962 t h e  
main summer feeding grounds varied somewhat but  remained i n  t h e  
Iceland-Jan Mayen a rea ,  but  i n  1963-1966 a stock component fed and 
wintered i n  an a rea  south of BjØrnøya ( F i g l )  The densest  summer 
concentrat ions were usual ly  found near the  borders of t h e  East  
Ice landic  Current.  I n  the  autumn the  herr ing assembled on the  
wintering grounds s i t u a t e d  near the  southern and southwestern borders 
of the  East Ice landic  Current. 

Jan H a y e p  

---r Feeding migratio 

20' 10' O' 

Fig. 1 Migration of Norwegian spr ing spawning he r r ing  p r i o r  t o  1970. 

4.  Migration p a t t e r n  a f t e r  1970 

The summer and autumn f i she ry  f o r  adu l t  herr ing terminated i n  1969, 
and s ince  then no herr ing have been recorded i n  the  Polar  Front a rea  
of t h e  Norwegian Sea. The winter  herr ing f i she ry  on t h e  spawning 
grounds decreased sharply a f t e r  i967 but  continued on the  depleted 
stock u n t i l  1971. The stock of immature herr ing was almost depleted i n  
1969, and immature f i s h  recorded i n  the  e a r l y  1970's belonged mainly 
t o  t h e  1969 year c l a s s .  

The use of he r r ing  f o r  reduction purposes was prohibi ted  i n  Norway 
from January 1971. This regula t ion probably prevented the  complete 
ex t inc t ion  of the  1969 year c l a s s .  Purse se ine r s  f i s h i n g  f o r  capelin 
reported concentrat ions of young herr ing off  the  coas t  of Finnmark 
during the  winter of 1971, and severa l  catches of f a t  he r r ing  were 
released t h a t  year because of the  ban on the  i n d u s t r i a l  f i she ry .  This 
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last remnant of the  stock probably survived a s  juveniles somewhere i n  
the  Barents Sea o r  i n  the  northeastern p a r t  of the  Norwegian Sea. 

I n  1972, f i v e  purse se ine r s  w e r e  chartered t o  survey the  spawning 
grounds. P r a c t i c a l l y  no spawning herr ing were recorded (Dragesund, 
Bjerke, and Sangolt,  1972). The absence of spawning herr ing and 
he r r ing  l a rvae  i n  1972 and the  very low abundance of the  1970-1972 
year c l a s s e s  i n  the  spawning stock demonstrates t h a t  the  adu l t  s tock 
of Norwegian spring-spawning he r r ing  collapsed i n  the  e a r l y  1970's. 

I n  November 1972 shoals  of maturing he r r ing  were recorded off  western 
Finnmark ( i n  the  Ingøy Deep), and i n  January 1973 a Norwegian purse 
s e i n e r  located  herr ing shoals  some 50 nm northwest of Ingøy. Most of 
these  he r r ing  belonged t o  the  1969 year c l a s s ,  and were obviously on 
t h e i r  way t o  the  coast  t o  spawn. Maturing he r r ing  of the  1969 year 
c l a s s  were found, l a t e r  i n  1973, o f f  Vesterålen and Lofoten. These 
he r r ing  probably spawned i n  the  Lofoten a rea  i n  March, because herr ing 
l a rvae  were found there  i n  April.  The t r a d i t i o n a l  spawning grounds o f f  
Mgre and Trgndelag were surveyed throughout the  spawning season i n  
1973. No concentration of spawning herr ing was found, but  g i l l - n e t  
catches of herr ing with running gonads indicated  t h a t  some spawning 
took place.  This was l a t e r  confirmed by the  l a r v a l  survey t h a t  year. 
The spawning stock off  Møre was a lco  dominated by the  1969 year c l a s s  
(Dragesund, Bjerke, and Sangolt,  1973). 

Two components of immature herr ing survived the  heavy exp lo i t a t ion  i n  
the  196o ts ,  one i n  the  Barents Sea and the  o the r  on the  west coas t  of 
Norway. Both components spawned f o r  the  f i r s t  time i n  1973, one o f f  
t h e  Mgre coas t ,  the  o ther  off  Lofoten. According t o  recordings of 
maturing he r r ing  i n  1973, the  northern component was by f a r  the  
l a r g e r .  Af ter  spawning, the herr ing did  not  leave the  coas t  a s  i n  
previous years ,  but  migrated i n t o  inshore waters t o  feed during summer 
and autumn. No spawning was observed o f f  Lofoten i n  t h e  winter  of 
1974. The northern component migrated southward, and s ince  1974 
spawning has taken place on the  t r a d i t i o n a l  spawning grounds o f f  Møre 
and Trgndelag (Dragesund e t . a l  1980). 

The t r a d i t i o n a l  migration pa t t e rn  of the  he r r ing  was thus in ter rupted 
i n  t h e  e a r l y  70 's  and has not y e t  been re ta ined.  The two stock 
components have developed a s  separa te  u n i t s ,  with d i f f e r e n t  spawning 
grounds, feeding areas  and wintering l o c a l i t i e s  (Figure 3 ) .  

The southern component has\spawned on the  southern coas t  o f f  Møre and 
some years  a l s 0  fu r the r  south. A s  a lready mentioned, shoals  of 
spawning he r r ing  were i n  1989 recorded on the  southern spawning 
grounds i n  the  beginning of March. These grounds have been abandoned 
by t h e  he r r ing  s ince  the  l a t e  1950's. The southern component has fed 
during summer and autumn of f  the  coas t  of Møre and Trøndelag, and 
wintered i n  the  f jo rds  of northern Møre. The southern component has 
usual ly  l e f t  the  wintering area  i n  l a t e  January and a r r ived  a t  the  
spawning ground i n  the  e a r l y  February. Growth r a t e ,  recruitment and 
age s t r u c t u r e  of the  herr ing ind ica te  t h a t  t h i s  s tock component has 
developed a s  a separa te  un i t .  This is a l s 0  supported by the  recovery 
of tagged herr ing.  The southern component of spr ing spawners has t o  
some ex ten t  been mixed with autumn spawners and he r r ing  from l o c a l  
s tocks  which spawn i n  the  f jo rds .  

The northern component has spawned i n  t h e  area  from northern Møre 
(Buagrunnen) t o  Lofoten. This he r r ing  has spawned some weeks l a t e r  
than the  he r r ing  of t h e  southern component. The northern component has 
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a lco  fed  on the  Norwegian she l f  during summer and autumn, but  more 
offshore  and f a r t h e r  north.  The shoals  have moved northwards during 
the  summer and have usua l ly  been found o f f  Lofoten i n  the  e a r l y  
autumn. I n  September they have migrated i n t o  the  Vestfjorden a r e a  and 
wintered i n  the  f j o r d s  of  Lofoten and Vesterålen. The he r r ing  have 
returned t o  the  same f j o r d s  every year  but  when the  abundant Barents 
Sea component of the  1983 year c l a s s  migrated t o  the  coas ta l  a r e a  f o r  
wintering i n  the  autumn 1986, the  wintering a r e a  was expanded t o  
include severa l  new f j o r d s  i n  the  same region. 

I n  the  years  1988 and 89 most of the  1983 year  c l a s s  wintered i n  t h e  
inner  p a r t  of Vestfjorden. When the  1983 year  c l a s s  r ec ru i t ed  t o  t h e  
spawning s tock t h e  separa t ion  of the  he r r ing  i n  two d i f f e r e n t  s tock 
u n i t s  disappeared. Tag re tu rns  from the  winter  f i s h e r y  i n  1989 do, 
however,indicate t h a t  the  Barents Sea component of the  1983 year c l a s s  
has invaded a l l  spawning grounds on More, whereas the  he r r ing  from t h e  
More-Trondelag a r e a  a r e  displaced t o  spawning grounds f a r t h e r  t o  t h e  
south (Fig.  3 B ) .  

5. Dis t r ibu t ion  of young and adolescent he r r ing  

Unt i l  the  beginning of the  1960's l i t t l e  was known about t h e  
d i s t r i b u t i o n  and migration of the  e a r l y  s t ages  of Norwegian sp r ing  
spawners. Devold (1950) showed t h a t  O-group 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 p a r t  of t h e  t o t a l  
O-group population entered the  Norwegian f j o r d s .  From l a t e r  
inves t iga t ions  i t  can be s t a t e d  t h a t  the  d i s t r i b u t i o n  of the  young and 
adolescent he r r ing  is  widespread, ranging from the  f j o r d s  of northern 

Fig. 2. Di s t r ibu t ion  of young herr ing .  ( l )  nursery a r e a ,  ( 2 )  l a r v a l  
d i s t r i b u t i o n ,  (3) d i r e c t i o n  of pos t - l a rva l  d r i f t  t o  t h e  
of fshore  nursery area .  
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A RECAPTURED 
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Fig. 3. Dis t r ibut ion of t ag  re tu rns .  A= 
r e tu rns  from the  winter f i she ry  i n  
1979, B=returns from the  winter  
f i she ry  i n  1989, C= r e tu rns  from 
catches taken i n  the  northern and 
southern wintering areas  of t h e  
he r r ing  during l a t e  autumn. 
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Norway t o  the  open ocean of the  Norwegian Sea and the  Barents Sea 
(Dragesund and Hognestad, 1960; Devold, 1968; Jakobsson, 1968; 
Dragesund, 1970). When recruitment condit ions a r e  favourable, most of 
the  juvenile  he r r ing  a r e  found i n  the  Barents Sea ( R ~ t t i n g e n ,  1987). 

Figure 2 shows a schematic i l l u s t r a t i o n  of the  general  d i s t r i b u t i o n  of 
the  e a r l y  s tages .  Soon a f t e r  hatching, the  la rvae  rise i n t o  t h e  upper 
water l aye r s  and a r e  t ransported northwards from the  spawning grounds. 
During the  northward d r i f t ,  p a r t  of the  la rvae  accumulates a t  the  
entrance t o  the  f j o r d s  along the  Norwegian coast .  I n  l a t e  summer and 
e a r l y  autumn O-group he r r ing  a r e  genera l ly  recorded i n  t h e  top water 
l a y e r s  along the  Norwegian coast  and i n  the  Barents Sea (Dragesund, 
1970; Anon., 1970). The offshore d i s t r i b u t i o n  is ,  however, more 
va r i ab le  and is c lose ly  r e l a t e d  t o  year c l a s s  s t r eng th ,  and hence t h e  
inflow of At lan t i c  water t o  t h i s  region ( see  sec t ion  5 ) .  

I n  l a t e  autumn a major p a r t  of the  O-group i n  of fshore  waters is 
concentrated along the  f r o n t s  between the  cold a r c t i c  water and t h e  
warmer water masses o f f  the  Spitsbergen-Bear Is land and i n  the  c e n t r a l  
and southeastern p a r t s  of the  Barents Sea. The he r r ing  remain i n  t h i s  
a r e a  during the  following winter and spring.  During sp r ing  and e a r l y  
summer, the  I-group herr ing  d i s t r i b u t e d  i n  t h e  northern and 
nor theas tern  p a r t  of the  Barents Sea move southwards. A t  t h e  same 
time, he r r ing  of the  same age, which have wintered i n  t h e  f j o r d s  of 
northern Norway, migrate from the  coast  and mix with the  open-sea 
concentrat ions.  During the  following winter the  2-group h e r r i n g  a r e  
found i n  almost the  same a rea ,  although the  d i s t r i b u t i o n  is  more 
r e s t r i c t e d  t o  coas ta l  banks and t o  the  c e n t r a l  and southern p a r t  of 
the  Barents Sea. 

During summer and autumn p a r t  of the  2-group he r r ing ,  the  f a s t e s t  
growing f i s h ,  move westward i n t o  the  Norwegian Sea. However, most of 
the  f i s h  remain i n  the  Barents Sea and i n  the  a r e a  o f f  Finnmark f o r  
another year  before they s t a r t  the  westward migration i n t o  the  
Norwegian Sea t o  jo in  the  adu l t  s tock.  The slowest growing f i s h  s t a r t  
t h e i r  emigration from the  Barents Sea during the  4-group s tage .  The 
adolescent he r r ing  moving i n t o  the  Norwegian Sea usua l ly  have an 
oceanic s t age  before they mature. Some individuals  mature a f t e r  one 
year ,  o the r s  a f t e r  two o r  th ree  years  (Dragesund e t . a l  1980). 

This d i s t r i b u t i o n  and migration p a t t e r n  of young and adolescent 
he r r ing  i n  the  Barents Sea is  i n  accordance with the  observations of 
the  movement of the  1983 year c l a s s  ( R ~ t t i n g e n ,  1989). The coas ta l  
component of the  1983 year c l a s s  from the  f j o r d s  i n  Finnmark mixed 
with the  Barents Sea component i n  1984 and the  mixed s tock l e f t  the  
Barents Sea during the  sp r ing  and the  summer 1986. Most of  these  
he r r ing  had a one year  oceanic s t age  before they matured and spawned 
f o r  the  f i r s t  time i n  1988. I n  1963-66 the  4-years o l d  immature 
he r r ing  wintered i n  the  Bear Is land wintering a r e a ,  but  most of the  
1983 year  c l a s s  wintered a s  immature i n  Vestfjorden a s  4 year o lds .  

RECRUITMENT AND AGE COMPOSITION 

The age s t r u c t u r e  of the  adu l t  her r ing  stock has been known s ince  the  
beginning of t h i s  century (Hjor t ,  1926) . I n  a v i r g i n  s t a t e ,  the  l i f e  
span of he r r ing  is  about 20-25 years .  The maturation of a year  c l a s s  
takes place about some f i v e  years ,  which means t h a t  the  a d u l t  s tock 
may c o n s i s t  of a s  much a s  15-20 year  c l a s ses .  The recrui tment is  more- 
over va r i ab le  and these  f a c t o r s  govern the  age s t r u c t u r e  of t h e  stock 
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and the  s t a b i l i t y  of s tock abundance. The age composition of herr ing  
from 1908 onwards compared with general  information on s tock abundance 
i n d i c a t e  t h a t  the  stock recovered gradually a t  the  end of  the  previous 
century. An extraordinary s t rong  year  c l a s s  was rec ru i t ed  i n  1904 
which may have r e b u i l t  t he  spawning s tock t o  a l e v e l  of 5 t o  10 
mi l l ion  tonnes i n  the  second decade of t h i s  century (Marty and 
Fedorov, 1963). Three r i c h  year  c l a s s e s  occured between 1900-1930, the  
year  c l a s s e s  1904, 1918 and 1923. The 1930's cons t i tu ted  a period of 
good recruitment and only the  year  c l a s s e s  1931 and 1936 were poor. I n  
the  1940's the re  were th ree  r i c h  year  c l a s s e s ,  those of 1943, 1944 and 
1947 and another very abundant year  c l a s s  occurred i n  1950. According 
t o  Marty and Fedorov the  p e r i o d i c i t y  of occurrence of abundant year  
c l a s s e s  ranged from one t o  14 years ,  whereas a seven years  i n t e r v a l  
had been t y p i c a l  from 1923 t o  1950. The au to r s  a l s o  showed t h a t  the  
occurrence of abundant year  c l a s s e s  coinsided with increas ing inflow 
of warm water t o  the  Barents Sea, which a f f e c t s  the  mean Kola Meridian 
temperature. I n  a recent  paper Sætersdal and Loeng (1984) have shown 
t h a t  a s i m i l a r  c o r r e l a t i o n  does e x i s t  between the  temperature of the  
Kola Meridian and recruitment success f o r  Northeast Arc t i c  cod. 

Since 1950 abundant he r r ing  year  c l a s ses  have occurred i n  1959 and 
i960 coins id ing with a warm cl imate i n  the  Barents Sea. I n  the  e a r l y  
7 0 t s ,  another warm period occured, but  a t  t h a t  time the  spawning stock 
of he r r ing  was depleted.  I n  r e l a t i o n  t o  spawning s tock the  he r r ing  
year  c l a s s  1973 was known extra-ordinary strong.  The l a t e  1970's was a 
cold period i n  the  Barents Sea. The c l imat ic  condit ions improved i n  
the  e a r l y  8 0 ' s  and s t rong year  c l a s ses  were r ec ru i t ed  i n  the  years  
1983-85. The he r r ing  year  c l a s s e s  1984-85 were however depleted by 
increased predation from a very s t rong  1983 year  c l a s s  of cod. 
Recruitment a f t e r  1985 has been poor. 

P l o t s  of VPA-estimates of recruitment versus spawning s tock biomass 
a r e  shown i n  Figure 10 f o r  the  years  1950 onwards.The VPA f i g u r e s  a r e  
derived from the  ca tch  i n  number by year  c l a s s e s  adjus ted  by a 
cons tant  n a t u r a l  mor ta l i ty  by age groups. Variat ions i n  t h e  mor ta l i ty  
due t o  predation o r  o the r  forms of s tock i n t e r a c t i o n s  have not  been 
accounted f o r .  Judging from the  stock i n t e r r e l a t i o n s h i p  observed i n  
recent  years  i t  is assumed t h a t  these recruitment f i g u r e s  a r e  gross ly  
underestimated, p a r t i c u l a r l y  the  recruitment i n  warm periods when the  
cod have had favourable recruitment condit ions.  The stock-recruitment 
p l o t  demonstrates a l i n e a r  r e l ea t ionsh ip  between s tock biomass and 
recrui tment when recrui tment condit ions a r e  favourable. When using 
ca tch-re la ted  recrui tment f igures ,  t h i s  app l i e s  t o  t h e  f i r s t  year  
c l a s s  which is  rec ru i t ed  i n  a good recruitment period.  The year  
c l a s s e s  of the  subsequent years  may however a l s o  have been abundant 
a s  O-group he r r ing ,  but  may have been reduced a t  a young age by 
predation from abundant year  c l a s ses  of cod. 

EXPLOITATION 

The main f i s h e r y  on a d u l t  her r ing  has been the  winter  he r r ing  f i she ry  
during the  spawning season. I n  the  period 1925-1960 the  winter  herr ing  
catches were shared about equally by purse s e i n e r s  and d r i f t e r s .  
E a r l i e r  i n  t h i s  century the  land se ine  was a l s o  extens ively  used. 
Or ig inal ly  the  purse-seine f i she ry  was ca r r i ed  out  by vesse l s  equipped 
with a purse se ine  operated from two dor ies .  The r ing-net  technique 
with power block replaced the  two-dory system i n  the  e a r l y  19601s, and 
most of the  he r r ing  has been caught by t h i s  technique i n  later years.  
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Y E A R  

Fig. 4 .  To ta l  catch of adu l t  he r r ing  1925-1970. 

The annua1 catches from the  adu l t  he r r ing  f i she ry  over the  period 
1925-1970 a r e  shown i n  Figure 4.  De ta i l s  of the  herr ing  ca tches  1950- 
1988 a r e  given i n  Table 1. Although the  catches f luc tua ted  
considerably, they d id  not  show any major t rend up t o  1947. Thereaf ter  
the  catches rose  s t e a d i l y  t o  about one mi l l ion  tonnes i n  1954-1956, 
when the  r i c h  l950 year  c l a s s  s t a r t e d  t o  r e c r u i t  t o  the  spawning 
stock.  The catches then f e l l  s t e a d i l y ,  up t o  1963, t o  a leve1 near  
t h a t  of the  poorest  year  of the  prewar period.  There was a recovery i n  
1964 when the  r i c h  year  c l a s ses  of 1959 and 1960 entered  the  s tock.  
From 1965 onwards a rapid  decrease i n  the  s tock s i z e  took p lace ,  and 
the  winter-herr ing f i s h e r y  collapsed i n  1970. 

The summer and autumn f i s h e r y  on a d u l t s ,  took p lace  on the  feeding 
grounds along the  Polar  Front i n  t h e  Norwegian Sea. This f i s h e r y  was 
located f o r  a long period o f f  northern and nor theas tern  Iceland 
(Jakobsson, 1963). The f i s h i n g  season normally l a s t e d  from June t o  
e a r l y  September, and up t o  1950 the  s tock was mainly exploi ted  by 
Ice landic  and Norwegian vesse ls .  

I n  the  e a r l y  19601s new technica l  advances improved t h e  technique i n  
the  I ce land ic  f i s h e r y ,  a s  they d id  i n  t h e  Norwegian he r r ing  f i s h e r y ,  
and the  f i s h e r y  extended seawards. During the  1960's the  f i s h e r y  took 
place f a r  of fshore  i n  the  Norwegian Sea, and the  f i s h i n g  season l a s t e d  
u n t i l  October-November. I n  1966 when the  record ca tch  of a d u l t  h e r r i n g  
was taken, Iceland caught 40% whereas Norway and USSR caught about 30% 
of the  t o t a l  ca tch  each (Table 2 ) .  

The Sovie t  d r i f t n e t  f i she ry  on feeding he r r ing  i n  the  Norwegian Sea 
s t a r t e d  i n  1950. I n i t i a l l y ,  the  f i she ry  was purely a summer one, 
exp lo i t ing  the  grounds between Spitsbergen,  Jan Mayen, and Iceland.  I n  
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1952 an autumn and winter  f i she ry  s t a r t e d  along the  migratory routes  
of the  prespawning concentrat ions towards the  spawning grounds o f f  the  
Norwegian coas t .  

The change i n  the  migratory p a t t e r n  of the  a d u l t  s tock during the  
1960's s t rong ly  influenced the  loca t ion  of the  summer and autumn 
f i she ry .  Off Iceland i t  became neg l ig ib le  and most of t h e  summer and 
autumn f i s h e r y  i n  the  1960's took p lace  o f f  the  s h e l f  south and, west 
of  Bear Island-Spitsbergen. From the  1970's onwards most of the  
he r r ing  has been caught i n  Norwegian coas ta l  waters within a range of 
some 20 n.m. o f f  the  coas t .  

YEAR 

Fig. 5. The ca tch  of young and adolescent herr ing .  (1 )  the  
t o t a l  ca tch ,  (2 )  the  catch of small herr ing .  

I n  add i t ion  t o  the  f i she ry  on adu l t s ,  t he  young and adolescent herr ing  
were f i shed  a t  the  Norwegian coast  and i n  t h e  f j o r d s  (Figure 5 ) .  
Almost a l l  t he  catches were taken with purse se ine ,  and from 1964 
onwards the  r ing-net  technique was used and the  e f f i c i ency  increased. 
The most important small-herring f i she ry  occurred i n  the  f j o r d s  from 
late autumn t o  e a r l y  spring.  

STOCK ASSESSMENT 

The abundance of the  Norwegian spr ing  spawning he r r ing  s tock has been 
assessed by various methods. Marty and Fedorov (1963) assessed the 
s tock abundance and year  c l a s s  s t r eng th  f o r  the  period 1904-1960 on 
the  b a s i s  of ca tch  by year  c l a s ses  i n  succesive years  a f t e r  a method 
developed by Denzhavin (1922). Dragesund and Jakobsson (1963) 
est imated s tock s i z e  and t o t a l  mor ta l i ty  r a t e  f o r  t h e  period 1953-1960 
on t h e  b a s i s  of t a g  re turns  from i n t e r n a l  tagging experiments and 
Østvedt (1963) estimated t o t a l  mor ta l i ty  from catch  and e f f o r t  d a t a  i n  
the  d r i f t n e t  f i she ry  f o r  the  period 1950-1960. The ICES Working Group 
on Atlanto-Scandian herr ing  (he rea f t e r  termed the  Working Group), has 
i n  two r e p o r t s  (Anon. 1970, 1977) assessed the  s t a t e  of the  s tock f o r  
the  period 1953-1959, using da ta  from various sources. A conventional 
VPA f o r  the  years  1950-1971 is published by Dragesund and Ull tang 
(1978) and the  r e s u l t s  of a somewhat adjusted vers ion  of t h i s  a r e  
shown i n  Figure 7 (Dragesund e t .  a l  1980) . The ICES Working Group 
r e s u l t s  a r e  included f o r  comparison. I n  the  period 1975 onwards, the  
s tock has been assessed by VPA, tagging and acous t i c  methods. 
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Fig. 6. (I)  Abundance indices of some year c lasses  of Norwegian 
spring spawning herring i n  b i l l i ons  of f i s h ,  stock values 
of herring from three year olds and older ,  (2)  mature 
herring,  (3) by years i n  million metric centners (Marty 
and Fedorov 1963). 

Fig. 7. Estimated spawning stock ( S ) ,  f ishing mortali ty (F)  and 
recruitment ( X )  of herring 1950-1973 a s  l year old. The 
broken l i n e  shows stock estimates given by the Working Group. 
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The s tock abundance es t imates  of herr ing  o lde r  than 3 years  f o r  the  
period 1904 t o  1960 a r e  shown i n  Figure 6 (Marty and Fedorov, 1963). 
The n a t u r a l  mor ta l i ty  has not  been accounted f o r  i n  these  est imates.  
According t o  t h i s  method, the  accumulated catches ranged between 1.5 
and 2.0 m i l l .  tonnes p r i o r  t o  1925. Assuming t h a t  the  f i sh ing  
mor ta l i ty  a t  t h a t  t i m e  was lower than the  na tu ra l  mor ta l i ty ,  Marty and 
Fedorow found t h a t  the  standing stock biomass must have been f i v e  t o  
s i x  times g rea te r  than the  accumulated catch f igures  o r  i n  an order  of 
magnitude of 10 m i l l .  tonnes. For the  1950's the  Dezhavin's method 
gave a s tock est imate of 7 t o  8 m i l l .  tonnes. Assuming t h a t  the  
f i s h i n g  morta l i ty  i n  the  1950's was 5 times higher than the  na tu ra l  
mor ta l i ty  the  author concluded t h a t  the  stock may have remained on a 
s teady s t a t e  l e v e l  of an order  of magnitude of 10 m i l l .  tonnes 
throughout the  whole period under study. 

According t o  the  VPA (Figure 7 ) ,  the  spawning stock s i z e  was a t  a 
leve1 of about 9 mi l l ion  tonnes i n  l950 and decreased t o  about 7 
mi l l ion  tonnes i n  1953. From 1954 t o  1957 the  s t rong  1950 year  c l a s s  
gradually r ec ru i t ed  t o  the  spawning stock,  r e s u l t i n g  i n  an increase  i n  
s tock s i z e  t o  about 10 mi l l ion  tonnes i n  1957. The stock then 
decreased t o  about 2.5 mi l l ion  tonnes i n  1963 mainly a s  a r e s u l t  of 
poor recruitment. From 1963 t o  1965 the  spawning s tock s i z e  increased 
again,  reaching about 3.7 mi l l ion  tonnes i n  1965. From 1966 onwards 
the re  was a rapid decrease i n  spawning stock s i z e  owing t o  an almost 
complete l ack  of recruitment t o  the  adu l t  s tock and rap id ly  increasing 
f i s h i n g  m o r t a l i t i e s .  The rise i n  F during the  years  1963-1966 was 
caused by increas ing f i sh ing  e f f o r t ,  but  the  f u r t h e r  l a r g e  increase  i n  
F i n  1967 onwards was probably mainly the  e f f e c t  of decreasing stock 
s i z e  caused by both the  increase  i n  f i s h i n g  mor ta l i ty  i n  previous 
years  and the  f a i l u r e  i n  recruitment (Ull tang 1976). 

Y E A R  - C L 4 S S  1 

Fig. 8. Year-class s t r eng th  i n  number a s  O-group and 4 year  o lds  
(broken l i n e ) ,  1950-1969 (Dragesund e t  a l .  1980). 
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Comparing the  present  es t imates  of s tock s i z e  and r a t e  of exp lo i t a t ion  
of a d u l t s  from VPA with e a r l i e r  Working Group es t imates ,  it can be 
concluded t h a t  the  Working Group assessed the  s i t u a t i o n  more o r  less 
c o r r e c t l y  u n t i l  t he  rapid  increase  i n  f i s h i n g  e f f o r t  s t a r t e d  i n  the  
e a r l y  19601s,  i . e .  before the  in t roduct ion  of  the  r ing-net  technique. 
Thereaf ter  the  Working Group badly overestimated the  s tock s i z e .  

The exp lo i t a t ion  r a t e  of young herr ing  was a l s o  high during the  period 
1950-1969. I n  Figure 8 a r e  given the  VPA es t imates  of year  c l a s s  
s t r eng th  a s  O and 4 years  o ld  i n  the  period. The Figure shows t h a t  
year  c l a s s e s  i n  the  1950's which have t r a d i t i o n a l l y  been described a s  
weak, were a l l  of what could be ca l l ed  normal s t r eng th  1 0 * 1 0 ~  t o  
3 0 . 1 0 ~  f i s h  a t  the  O-group s tage .  However, year  c l a s s  of s t r eng ths  
l e s s  than 20. lo9 a s  O-group survived the  f i she ry  only i n  small 
q u a n t i t i e s  t o  reach the  age of 4 years .  The 1965 year  c l a s s  w a s  t he  
f i r s t  one i n  the  period s tudied  which r e a l l y  should be c l a s s i f i e d  a s  
weak a t  the  O-group s t age  (Dragesund and Ull tang,  1978). 

The VPA c l e a r l y  shows t h a t  the  f i s h i n g  pressure ,  on young and 
adolescent he r r ing  i n  general  and on adu l t  he r r ing  i n  the  years  1965- 
1968, was t h e  primary f a c t o r  i n  the  col lapse  of t h i s  he r r ing  stock.  A s  
mentioned previously some few her r ing  of the  1969 year  c l a s s  survived 
a s  juveni les  i n  the  e a r l y  1970's i n  the  Barents Sea and some very few 
survived on the  More coas t .  These stock components have i n  l a t e r  years  
been assessed by an acoust ic  method and by tagging a s  adu l t s .  An echo 
abundance survey of O-group he r r ing  i n  the  Norwegian f j o r d s  were 
i n i t i a t e d  i n  1975 and extended t o  cover the  d i s t r i b u t i o n  a r e a  of 
O-group he r r ing  i n  the  Barents Sea s ince  1983. The survey a r e  c a r r i e d  
out  i n  November-December and the  technique used is the  same a s  t h a t  
applied f o r  capel in  (Nakken and Dommasnes 1975). The r e s u l t s  appear 
from the  t e x t  t a b l e  below: 

Coastal Barents 
Year comp . Sea 

1975 1.0 
1976 3.8 
1977 o. 4 
l978 1.2 
1979 3.4 
1980 0.2 
1981 O.  2 
1982 2.9 
1983 13.7 35.7 
1984 1 . 4  6.2 
1985 1 .0  41.5 
1986 0.4 O 
1987 0.3 O 
1988 2.5 9 8 

These recrui tment  f igures  a r e  not  comparable t o  the  back ca lcula ted  
recruitment number of l-group he r r ing  ( R  1 ) derived from t h e  VPA. I n  
the  s tock prognosis the  acoust ic  O-group es t imates  have been used a s  
indices  of recruitment a t  age 3 by s c a l i n g  the  number down by a 
ca lcula ted  conversion f a c t o r  of 0.51 (Anon. 1986). 

Compared t o  the  period before the  s tock col lapse  i n  t h e  l a t e  1960's 
the  recrui tment  i n  l a t e r  years  has been extremely low except f o r  the  
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years 1983-85. The stock has been gross ly  recruitment overexploited,  
but  i n  the  years 1975-82 the  r a t e  of recruitment has a l s o  been low. 
This was probably due t o  unfavourable recruitment condit ion,  l inked t o  
low water temperatures i n  the  Barents Sea (Marty and Fedorov 1963, 
H a m r e  1988). 

Assessment by tagging 

I n  the  period 1975-1986 the  s t a t e  of the  adu l t  s tock has been assessed 
by tuning the  VPA agains t  s tock estimates obtained from tagging (Anon. 
1980,1986). The tagging p ro jec t  a s  w e l l  a s  the  model used f o r  the  
processing of the  d a t a  have been described i n  working documents and 
repor t s  of t h e  Working Group (Anon. 1984,1986). 

The tagging p ro jec t  using i n t e r n a l  s t e e l  tags  was i n i t i a t e d  i n  1975 
and s ince  then herr ing have been tagged and released annually on 
various l o c a l i t i e s  along the  w e s t  coas t  i n  April-May. P r i o r  t o  1982 
t h e  he r r ing  were caught by purse se ine ,  towed t o  the  shore and kept i n  
keepnets before tagging. Since 1982 the  herr ing have been b ra i l ed  from 
the  se ine  t o  the  RSV-tanks onboard the  s e i n e r  and tagged and released 
from t h e  tanks.  The tagged herr ing a r e  released i n  batches and under 
various condit ions and the  morta l i ty  due t o  the  tagging is  expected t o  
be va r iab le .  

The tagged herr ing a r e  recovered by screening herr ing catches using a 
s p e c i a l  constructed i n t e r n a l  t ag  detec tor .  The e f f i c iency  of the  
de tec to r  is t e s t e d  by mixing tagged herr ing with the  ca tch  before 
screening (Gytre and Jakupsstovu, 1977). 

The recoveries used f o r  s tock assessment a r e  a l l  obtained from winter 
catches of spawners and prespawners. The commercial he r r ing  winter 
f i s h e r y  was prohibited u n t i l  1984, but  experimental f i sh ing  f o r  t a g  
recovery was allowed during the  winters  1977-83. The commercial winter 
f i s h e r y  was opened i n  1984 and i n  later years both commercial and 
experimental catches have been screened f o r  tags.  The he r r ing  stock 
has developed i n  two separa te  u n i t s ,  and the  d a t a  on re leases  and 
corresponding recoveries a r e  prosessed by the  two stock components 
separa te ly .  The tagging is done during the  feeding season, and i n  
areas  where shoals  from both components a r e  d i s t r i b u t e d .  It has 
the re fo re  been d i f f i c u l t  t o  a l l o c a t e  the  re leases  on components when 
re leased.  The tagged herr ing a r e  released i n  batches of 2 000 - 10 000 
ind iv idua l s ,  and the  a l loca t ion  of the  batches on components i s  made 
on t h e  b a s i s  of the  recoveries,  i . e . ,  the  pos i t ion  and t h e  age- 
composition of the  catches from which the  bulk of the  recoveries a r e  
re ta ined.  The bo~ndary~between the  spawning grounds of the  two compo- 
nents  runs a t  about 63 N. 

By t h i s  grouping of data  the  consistency of the  abundance est imates by 
years is  improved, but  the  r e s u l t s  ind ica te  t h a t  no random mixing of 
the  tagged f i s h  i n  the  two stock u n i t s  i s  a major source of e r r o r  i n  
the  est imates.  The re leases  and recoveries by components and years a r e  
given i n  Table 3 .  A t  the  bottom of the  t a b l e  i s  given the 
corresponding number of herr ing e f f e c t i v e l y  screened f o r  tags .  

Mortal i ty estimates 

The most simple model f o r  e x p l i c i t  est imates of survival  r a t e  from two 
successive re leases  is the  Ricker 's  model (Ricker 1975): 
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where Sl = survival  r a t e  during year  1 

Ml = number marked a t  the  s t a r t  of the  first year 

M2 
= number marked a t  the  s t a r t  of the  second year  

R l l  = recaptures of f i r s t - y e a r  marked i n  the  f i r s t  
year  

R12 = recaptures of f i r s t - y e a r  marked i n  the  second 
year  

R2*  = recaptures of second year  marked i n  the  second 
year  

I f  sampling is done over a s e r i e s  of years ,  the  recaptures can be 
summarized over the  whole period.  A review of models f o r  e x p l i c i t e  
maximum-likelihood es t imates  of animal abundance by tagging is 
published by Seber (1982). These methods presuppose t h a t  the  tagging 
morta l i ty  is  neg l ig ib le  o r  a t  l e a s t  does not  vary with r e l eases .  This 
underlying assumption is  not  f u l f i l l e d  i n  the  present  experiment, and 
a regression model has therefore  been applied.  

The regression model es t imates  the  t o t a l  instantaneous mor ta l i ty  r a t e  
Z f o r  equal time periods when Z is assumed t o  be constant .  Two types 
of models a r e  ava i l ab le .  It can be shown t h a t  i f  t he  r e tu rns  from one 
re lease  over a long t i m e  serie a r e  grouped i n  equal t i m e  i n t e r v a l s ,  
the  logarithm t o  t h e  number of r e tu rns  from each of the  t i m e  i n t e r v a l s  
p l o t t e d  agains t  t i m e ,  w i l l  y i e l d  a s t r a i g h t  l i n e  with s lope  equal t o  
the  instantaneous morta l i ty  r a t e  (Gulland 1973). It is  noted t h a t  the  
mor ta l i ty  es t imate  from t h i s  model is independent of the  number 
re leased and consequently a l s 0  of the  mor ta l i ty  due t o  the  tagging. 

I n  an analogous way i t  can be proved t h a t  i f  Z is  constant  the  
logarithm t o  t h e  f r a c t i o n  number released/number recovered from 
successive re l eases  i n  the  same catch p l o t t e d  agains t  time i n  l i b e r t y  
w i l l  y i e l d  
a s t r a i g h t  l i n e  with s lope  equal t o  the  instantaneous mor ta l i ty  Z. I f  
the  su rv iva l s  of the  l a s t  r e l ease  a r e  denoted so mo t he  s tock s i z e  
N according t o  a Petersen est imate is: 

o 

where s is the  c o e f f i c i e n t  of survival  a f t e r  tagging and r i s  t h e  o o 
number of recover ies  i n  the  catch C o .  

An est imate of No may a l s a  be expressed by the  recoveries from the  
previous years '  r e l eases  a s  follows: 
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provided t h a t  the  mor ta l i ty  Z i s  constant .  

I n  general  terms t h i s  can be wri t ten:  

where r denotes the  recoveries from m re leased t years 
t p r i o r  t o  t i m e  t 

when the  sample c was drawn. Reorganizing t h i s  equation and taking 
the  n a t u r a l  logaritkm we have: 

Here the  p l o t s  w i l l  f a l l  along a s t r a i g h t  l i n e  i f  s is a random 
var iab le  and thus can be regarded a s  a  p a r t  of the  co-variance of t h e  
regress ion  l i n e .  This assumption i s  reasonable, a t  l e a s t  f o r  each of 
the  periods when the  tagged f i s h  have been handled i n  an equal way 
(1975-1981;1982 onwards). The tagging mor ta l i ty  is assumed t o  be high 
and the  variance i n  s is considered t o  c o n s t i t u t e  the  main p a r t  of the  
co-variance of the  regression l i n e .  A poin t  located  f a r  above the  l i n e  
ind ica tes  a low surv iva l  r a t e  of t h a t  experiment ( f a i l u r e  of 
r ecover ie s ) ,  a  point  below the  l i n e  a corresponding high value of s. 
I f  a l l  o the r  sources of model variance were neg l ig ib le  the  model 
provides a method t o  es t imate  the  r e l a t i v e  tagging su rv iva l  sr. 

I n  the  t e x t  t a b l e  below the  re levant  model parameters a r e  ca lcula ted  
f o r  the  northern component using the  recoveries 1984-87 of t h e  
r e l eases  1975-83 (Table 3 ) .  According t o  r epor t s  of the  Working Group 
the re  has been no s u b s t a n t i a l  change i n  the  f i s h i n g  morta l i ty  during 
t h i s  period,  whereas t h e  f i s h i n g  morta l i ty  of t h e  o lde r  age groups may 
have increased s i g n i f i c a n t l y  a f t e r  1983 (Anon. , 1986, 1988) . 

Release m 
t 

r 1nK t f ( t )  sr 

m t  is  the  number re leased i n  year  t ,  r is the  corresponding number of 

tags  r e t a ined  from the  screened winter  catches i n  1984 t o  1987. f ( t )  
is  the  function value of 1nK calcula ted  from the  regress ion  l i n e  and 
s is a ca lcu la ted  index of r e l a t i v e  tagging su rv iva l .  r 

The p l o t s  of 1nK (where K= m / r  lom2) versus t i m e  i n  l i b e r t y  t a r e  
shown i n  the  Figure below: 
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P l o t  showing InK versus time i n  l i b e r t y  

A s  pointed out  by the  Working Group the  re turns  from t h e  1982 and 1983 
re leases  ind ica te  a subs tan t i a l  increase i n  the  tagging morta l i ty  
a f t e r  1981 (Anon. 1986). The Working Group has therefore  not used t a g  
re turns  from re leases  a f t e r  1981 i n  the  assessment of t h e  stock.  

The re tu rns  from the  1976 re leases  do a l so  ind ica te  an ext raordinary  
high tagging morta l i ty  although no l i k e l y  reason f o r  t h i s  is  known. 
The 1976 sample has therefore  been considered a s  an exception from t h e  
assumed random var ia t ion  i n  the  tagging mortal i ty and has been omitted 
i n  ca lcu la t ion  of the  regression l i n e .  The other  points  f o r  the  period 
1975-1981 f i t  w e l l  t o  a  s t r a i g h t  l i n e  with slope Z= 0.216 and an 
in te rcep t  of the  InK ax i s  of 0.358. The cor re la t ion  c o e f f i c i e n t  of t h e  
points  is  0.956. 

I f  we assume no subs tan t i a l  change i n  Z from 1981 t o  1983, t h e  most 
simple way t o  ca lcu la te  the  stock number i n  1983 i s  t o  use equation 
(3)  : 

where f ( o )  i s  the  in te rcep t  of the  regression l i n e  with the  InK-axis 
and C is  the  sum of screened catches 1984-87 (Table 3) : 

o 

This stock es t imate  r e f e r s  t o  the  year c lasses  1981 and o lde r  and has 
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not been adjusted f o r  tagging mortality. The estimate i s  i n  
accordance with the stock estimate given by the Working Group i n  1986 
(Anon. 1987). 

A s  mentioned previously the model provides a method t o  estimate a 
r e l a t i ve  tagging survival  coeff ic ient  (s,) assuming tha t  the 
variance i n  the tagging mortality is the main source of the co- 
variance of the l ine .  This index is derived from the formula: 

ln (s , )  ,=f ( t )  -lnK, (4 )  
where f ( t )  is the function value of lnKt of the re leases  i n  year t. 
The calculated sr-values by releases a re  given i n  the  tex t  table  
above. The 1982 and 1983 releases indicate  an increased tagging 
mortali ty by the new handling method of the tagged herring i n  an order 
of magnitude of 50%. 

In  the tex t  table  below are  given the survival  estimates st by year 
obtained when the exp l i c i t  model of Richer (equation 1) is applied t o  
the recoveries i n  Table 3. s i  are  the corresponding estimates obtained 
when the  re leases  m t  a re  adjusted by the corresponding re la t ive  
survival  sr calculated from equation 4. 

Survival 1975 1976 1977 1978 1979 1980 1981 

The two s e t s  of survival  estimates demonstrate the necessity of 
applying a regression model i n  processing of t ag  recovery data  when 
tagging mortali ty is  variable. It should be noted t ha t  the 1976- 
estimate is  expected t o  be biased upwards due t o  a low number of tags 
r e  tained. 

The releases i n  1983 t o  1985 provide data t o  estimate yearly survival  
r a t e  by the use of equation (1). The model yie lds  survival  estimates 
of 0.93 and 1.11 fo r  the years 1983 and 1984 respectively. It is 
l i k e l y  tha t  these estimates r e f l e c t  trends i n  the  tagging mortality 
ra ther  than trends i n  the survival  r a t e  of the population. The Working 
Group has therefore not used these data  i n  recent stock estimates, but 
tuned the VPA against acoustic estimates of the spawning stock (Anon. 
1988). 

Similar data fo r  mortality estimates of the southern stock component 
are  given i n  the tex t  table  below. The recoveries r e f e r  t o  the winter 
catches 1984-87, the de t a i l s  appear from Table 3. 
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Release m, r 1nK t 

K i s  set equal t o  m / r  . l o - * ,  and the  p l o t  of 1nK agains t  t i m e  i n  
l i b e r t y  ( t )  is shown i n  the  f igure  below: 

P l o t  showing 1nK agains t  t i m e  i n  l i b e r t y  

The consistency of t h i s  p l o t  is  r a t h e r  poor and is assumed t o  r e f l e c t  
var iable  tagging morta l i ty  and the occurrence of mixed stocks i n  the  
southern area.  It is  known t h a t  autumn spawners probably from the  
North Sea and he r r ing  from l o c a l  s tocks which spawn i n  the  Norwegian 
f jo rds  a r e  mixed with the  herr ing of the  southern component when the  
f i s h  a r e  tagged. I n  some cases t h i s  has been quant i f ied  and adjusted 
f o r  i n  the  ca lcula t ion.  Based on recoveries from the  northern spawning 
area  it has moreover been ca lcula ted  t h a t  some 30% of the  releases 
a l located  t o  the  southern stock or ig inated  from the  northern stock 
component (Anon. 1987). The bas ic  supposition of random mixing of the  
tagged f i s h  i n  the  a rea  where the  stock is sampled f o r  tags  i s  
therefore  not f u l f i l l e d .  This i s  probably the  main reason f o r  the  poor 
symmetry i n  the  variance of the  p l o t s .  The Working Group has, however, 
used the  recoveries of the  re leases  i n  1975-81 f o r  assessment work, 
omitt ing the  re leases  i n  1976 and 1980 i n  the  ca lcula t ion of the  
regression l i n e  (Anon.,1986). The remaining p l o t s  y ie ld  a s t r a i g h t  
l i n e  with s lope  z= 0.18 and an in te rcep t  of the  1nK ax i s  of 0.1. Using 
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equation (3 )  and a screened catch60f 18.680 lo6 (Table 3) . is  
ca lcula ted  t o  some 2000 10 . Herring of the  nor the rn88 tock  
component account f o r  30% of t h i s  number (Anon., 1987) and the  1983 
stock es t imate  of t h  southern component i s  therefore  i n  an order  of % magnitude of 1400 10 , before the  es t imate  i s  adjusted f o r  tagging 
morta l i ty .  This is l i k e l y  t o  be an overestimate o f  the  Atlanto- 
Scandian he r r ing  because a p a r t  of the  tagged he r r ing  rnay a l s 0  
o r i g i n a t e  from autumn spawners and from l o c a l  s tocks ,  which spawn i n  
o the r  a reas .  

It may be noted t h a t  the  p l o t  of the  1983 re leases  i s  located  c lose  t o  
the  i n t e r c e p t  of the  regression l i n e .  This ind ica tes  t h a t  the  tagging 
morta l i ty  i n  1983 equals the  average tagging morta l i ty  of the  pre- 
viously used tagging method. This is i n  c o n f l i c t  with the  previous 
f indings ,  but  the  r e l a t i v e l y  high re tu rn  r a t e  of the  1983 re leases  may 
on the  o the r  hand be explained by a low contr ibut ion  of  tagged he r r ing  
from o t h e r  s tocks  i n  t h a t  p a r t i c u l a r  year .  The confidence of t h i s  
observation is  therefore  considered t o  be r a t h e r  poor. The consistency 
of r e s u l t s  obtained by using the  r e l eases  a f t e r  1981 i n  equation 1 i s  
a l s o  poor and these  da ta  have not  been used f o r  assessment purposes. 

The Working Group has adopted an average tagging morta l i ty  of 30% 
(Dragesund and Jacobsen, 1963). Recent tests of tagging morta l i ty  
c a r r i e d  out  i n  an indoor basin gave r e s u l t s  of tagging morta l i ty  
ranging from about 10% t o  25% (Hamre and Toresen, 1989). These 
es t imates  are, however, not  accounting f o r  the  mor ta l i ty  caused by the  
catching of the  tagged f i s h .  The sum of the  two s tock component 
es t imates  i n  number, adjusted by 30% tagging mor ta l i ty  and converted 
t o  weight, y i e lds  a spawning stock biomass i n  1983 of some 600 000 t. 
The f u r t h e r  development of these  year  c l a s s e s  i n  subsequent years  is  
assessed by tuning the  VPA agains t  the  s tock es t imates  obtained from 
tagging p r i o r  t o  1984. For the  year  c l a s s e s  younger than the  1981 year 
c l a s s  the  s t a t e  of s tock is measured by the  acoust ic  method. The t o t a l  
s tock biomass f o r  the  years  1977-1989, and by components f o r  the  years  
1977 t o  1984 a r e  shown i n  Figure 9. The Figure shows t h a t  whereas the  
northern component has remained i n  an approximately steady s t a t e  
during t h i s  period,  the  spawning stock of t h e  southern component has 
increased from below 100 000 tonnes i n  1977 t o  about 250 000 tonnes i n  
1983. When the  s t rong 1983 year c l a s s  r ec ru i t ed  t o  t h e  spawning stock 
the  occurrence of the  stock i n  two separa te  components disappeared. 

-3 
t .  10 
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Fig. 9. Estimate of spawning stock by components 1977-1988. 
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The 1983 year c l a s s  has increased the  spawning stock biomass t o  about 
1.5 mill. tonnes i n  1989, but the  prospects f o r  f u r t h e r  s tock 
development is  not  promising. The year c lasses  younger than the  1983 
year c l a s s  a r e  a l l  weak, and the  spawning stock is expected t o  de- 
c l i n e  i n  the  199O1s.At present  about 95% of the  spawning stock belongs 
t o  the  1983 year c l a s s .  

FISHERY MANAGEMENT 

After  the  d r a s t i c  decl ine  i n  catches i n  the  l a t e  196ots,  the  Working 
Group considered the  s t a t e  of the  stock and found t h a t  there  had been 
almost no recruitment t o  the  adul t  s tock s ince  1966, owing t o  the  
heavy exp lo i t a t ion  of the  1963-1964 year c lasses  i n  the  f i she ry  of 
juveniles.  The Working Group concluded t h a t  i n  view of the  c r i t i c a l  
s t a t e  of the  stock i t  would be advisable t o  keep the  exploi ta t ion  r a t e  
of small and f a t  herr ing a t  a much lower leve1 than i n  previous years 
(Anon., 1972). A minimum landing s i z e  of 20 cm was set on the  
Norwegian herr ing f i she ry  north of 6 2 ' ~  i n  the  spr ing 1970, and t h e  
use of herr ing f o r  reduction was prohibited from 1 January 1971. A 
t o t a l  ban of the  Norwegian winter f i she ry  was introduced i n  1972. The 
minimum landing s i z e  of 20cm was replaced by catch quotas on small and 
f a t  he r r ing  i n  1973 and 1974, l imi t ing  the catches t o  6800 t and 6300 
tonnes respect ively .  From 1975 t o  1983 the Norwegian herr ing f i she ry  
has been regulated by catch quotas and by a minimum landing s i z e  of 25 
cm. The commercial f i she ry  on the  spawning grounds was closed i n  1972 
but  was reopened i n  1984. The ICES's recommended catches (1000 t )  and 
the  na t iona l  quotas s e t  f o r  the  years 1984-89 a r e  shown i n  the  t e x t  
t a b l e  below. For the  years 1975 t o  1983 ICES's recommended a t o t a l  ban 
on the  f i shery .  

YEAR 1984 i985 1986 1987 1988 1989 

Recom. catch 38 50 l50 150 l50 100 
Agreed catch 38 60 126 115 120 90 

ICES considers the  Norwegian spr ing spawning herr ing a s  a recruitment 
overexploited s tock,  and the  recommended catch should not  be regarded 
a s  a catch quota, but  a s  a maximum leve1 the  catch should not exceed. 
2.5 mi l l ion  tonnes is  set a s  the  preferred minimum leve1 of spawning 
stock.  

STOCK INTERRELATIONSHIP 

The Norwegian spr ing spawning herr ing is the l a r g e s t  catchable f i s h  
resource i n  the  Northeast At lant ic  and cons t i tu tes  a s  a plankton 
feeder the  most important l i n k  i n  the  food chain above f i s h  leve1 i n  
the  ecosystem of the  Norwegian Sea and the  Barents Sea. This s tock is 
of p a r t i c u l a r  importance f o r  the  marine l i f e  on the  Norwegian she l f  
and i n  the  Barents Sea due t o  the  migration pa t t e rn  of the  adu l t s  and 
t o  the  d i s t r i b u t i o n  and migration of the  juveniles. P r i o r  t o  the  
1960's the  spawning migration of the  herr ing const i tu ted  a huge 
displacement of biomass from d i s t a n t  areas of the  Norwegian Sea t o  the  
Norwegian west coas t .  This migration was followed by hords of marine 
predators which made the  Norwegian west coas t  one of the  most 
p ro f i t ab le  f i sh ing  areas  i n  the  world. When the stock collapsed i n  the  
late 1960's t h i s  huge input  of biomass terminated and the  immidiate 
e f f e c t  was a d r a s t i c  decl ine  i n  the  y ie ld  from the  Norwegian w e s t  
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coas t  f i s h e r i e s .  The lack of income from the  coas ta l  f i s h e r i e s  had a 
marked impact on the  a c t i v i t i e s  and s o c i a l  l i f e  of the  coas ta l  
comrnunities i n  the  area  south of Lofoten, 

Fig.10. Stock/recruitment re la t ionships  f o r  herr ing and cod. 
spawning s tock i n  mi l l ion  tonnes, recruitment 
b i l l i o n  individuals .  

A new c r i s i s  has s t ruck  the  Norwegian coas ta l  f i s h e r i e s  i n  recent 
years and t h i s  has developed i n  the  stocks and f i s h e r i e s  of Northern 
Norway and i n  the  Barents Sea. The c r i s i s  is  obviously l inked t o  an 
unbalanced s t a t e  of t h e  predator/prey re la t ionsh ip  i n  t h e  Barents Sea 
which became exposed i n  1986 onwards when s tarved cod, sea-birds and 
s e a l s  appeared i n  Norwegian coas ta l  waters. The prime reason f o r  the  
lack of prey species  i n  the  region i s  most probably r e l a t e d  t o  the 
overexploi ta t ion  of t h e  herr ing (Hamre 1988). Herring and cod a r e  the  
key species  i n  the  predator/prey re la t ionsh ips  i n  the  Barents Sea. 
This because they a r e  the  l a r g e s t  s tocks i n  t h e  region and t h e i r  
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success of recruitment is governed by common environmental f a c t o r s ,  
i . e .  t he  inflow of warm At lan t i c  water t o  the  a rea  (Sætersdal and 
Loeng, 1984). Both stocks were reduced i n  the  e a r l y  1980is ,  but  only 
the  he r r ing  stock was gross ly  recruitment overexploited. This  
cons t i tu ted  a l a t e n t  unbalanced s t a t e  of the  ecosystem re leased by a 
s h i f t  from a cold t o  a warm cl imate i n  the  e a r l y  1980's. Extraordinary 
s t rong  year  c l a s s e s  of he r r ing  and cod were rec ru i t ed  i n  1983 t o  1985, 
but  the  spawning stock of herr ing  was not  r e b u i l t  t o  a s u f f i c i e n t  
l e v e l  t o  take f u l l  advantage of the  improved c l ima t i c  condit ion.  The 
rec ru i t ed  year  c l a s ses  of he r r ing  were not  s u f f i c i e n t l y  l a r g e  t o  meet 
the  food demand of the  cod. I n  the  years  1983 t o  86 the  r ap id  growing 
stock of young cod together  with o the r  predators  grazed down t h e  
plankton feeders  and o the r  ava i l ab le  food items i n  the  a r e a  (Mehl, 
1988). The high predation pressure r e su l t ed  i n  a col lapse  of t h e  
Barents Sea capel in  s tock i n  1986, and due t o  l ack  of food the  
abundance of cod decl ined s u b s t a n t i a l l y  i n  the  subsequent years  
(Anon. ,1986 b ,  1988 b )  . 
The recent  development i n  s tocks  and f i s h e r i e s  i n  the  Barents Sea 
demonstrates the  importance of the  he r r ing  f o r  the  ecobalance i n  the  
region. The dynamics behind the  development are understood from t h e  
d i f ferences  i n  the  stock/recrui tment functions of the  two spec ies  
(Figure 1 0 ) .  For herr ing  there  seems t o  be a l i n e a r  r e l a t ionsh ip  
between spawning stock biomass and recruitment i n  periods of  
favourable recruitment conditions. The food supply f o r  abundant cod 
year  c l a s s e s  i n  form of juvenile  he r r ing  is  thus propor t ional  t o  the  
s t a t e  of the  adu l t  her r ing  stock.  The stock/recrui tment r e l a t ionsh ip  
f o r  cod shows, however, t h a t  cod r e c r u i t s  s t rong  year  c l a s s e s  on 
r e l a t i v e  low s tock l eve l s .  This means t h a t  i n  a s t a t e  of reduced s tock 
s i z e s  f o r  both t h e  stocks f o r  ins tance  a f t e r  a long period of low 
temperature i n  the  Barents Sea, a s  i n  the  1980's.  t he  balance i n  the  
predator/prey re l a t ionsh ip  may change d r a a a t i c a l l y  i n  the  s h i f t  from a 
cold t o  a warm climate. This recruitment mechanism expla ins  t h e  
paradox t h a t  a c r i s i s  i n  s tocks and f i s h e r i e s  may develop when 
recruitment condit ions of the  main species  a r e  improved. 

CONCLUDING REMARKS 

The s tock s t r u c t u r e  of the  Norwegian sp r ing  spawning h e r r i n g  is  not  
y e t  properly known. The stock components which have developed a s  
separa te  u n i t s  i n  recent  years ,  show s i m i l a r  charac ters  of being 
members of d i f f e r e n t  races a s  the  s tock components described by 
Schnackenbeck and Ottestad i n  the  1930's.  These components may, 
however, not  be se l f sus ta ined ,  but  may cons i s t  of groups of  ind i -  
v iduals  which inhab i t  d i f f e r e n t  a reas  throughout t h e i r  l i f e  span 
according t o  the  locat ion  of t h e i r  nursery area  a s  juveni les .  This 
form of s tock separa t ion  is  d i f f i c u l t  t o  i d e n t i f y  and d i s t ingu i sh  from 
separa t ion  i n  races .  Knowledge of the  homogeneity of the  s tock is 
c r u c i a l  f o r  the  i n t e r p r e t a t i o n  of the  stock es t imates  obtained from 
tagging and f o r  a proper management of the  stock a s  w e l l .  S tudies  of 
s tock s t r u c t u r e  should therefore  be given high p r i o r i t y  i n  f u t u r e  
herr ing  research.  

The d i s t r i b u t i o n  pa t t e rn  and migration of  the  he r r ing  changed during 
the  period when the  stock s i z e  declined. This r e su l t ed  i n  specula t ions  
regarding the  prime reason f o r  the  disappearance of the  he r r ing ,  
whether the  col lapse  of the  stock was caused by overf ish ing only,  o r  
whether the  s tock deple t ion  was a l s o  due t o  na tu ra l  causes. The 
col lapse  seemed t o  occur a s  a combined e f f e c t  of increased e f f o r t  i n  
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t he  a d u l t  f i she ry  and the  continuation of the  high exp lo i t a t ion  r a t e  
on the  immature stock.  It has been shown t h a t  a r egu la t ion  i n  one of 
these  two f i s h e r i e s  would have had a s i g n i f i c a n t  e f f e c t  on maintaining 
a spawning s tock s i z e  a t  a reasonable leve1 up t o  1970. It is there-  
f o r e  concluded t h a t  the  col lapse  of the  s tock i n  the  1970's was mainly 
due t o  overexploi ta t ion .  

With respect  t o  Devold's hypothesis of a l t e r n a t i n g  he r r ing  periods 
which predicted t h a t  the  Norwegian sp r ing  spawning he r r ing  was on the  
po in t  of leaving the  Norwegian w e s t  coas t  i n  the  196o1s,  f o r  l a t e r  t o  
occur a t  Bohuslan, the  quest ion i s  whether the  he r r ing  would have 
disappeared from the  west coas t  i r r e s p e c t i v e  of the  increased exploi- 
t a t i o n .  The deple t ion  of the  stock by the  f i she ry  w i l l  from t h i s  point  
of  view be a l o g i c a l  explanation t o  the  absence o f  a subsequent 
Bohuslan f i s h e r y  i n  the  1970's.  The knowledge obtained i n  recent  years  
do, however, not  support the  c r u c i a l  point  i n  the  dynamics of the  
migration theory developed by Devold, namely t h a t  higher temperature 
i n  the  wintering a rea  should acce le ra te  the  maturing of  the  herr ing  
and thus a f f e c t  the  spawning t i m e  accordingly. Since 1974 the  maturing 
he r r ing  i n  northern Norway have wintered i n  r e l a t i v e l y  high water 
temperatures a s  presupposed by the  migration theory, but  the  time of 
spawning has not  been a f fec ted  as predic ted .  I n  genera l ,  some s i m i -  
l a r i t i e s  i n  the  s t a t e  of the  s tock i n  the  1970's compared t o  t h a t  i n  
the  1870's a r e ,  however, observed. The occurence of the  l a r g e  he r r ing  
i n  northern Norway i n  the  previous century ind ica tes  t h a t  the  
t r a d i t i o n a l  migration pa t t e rn  was broken a s  i n  recent  years ,  but  
l a s t e d  f o r  only 6 years .  The occurence of the  mixed he r r ing  on Møre 
and Trondelag and the  two f i s h i n g  seasons which developed at the  end 
of the  century,  may moreover be taken a s  evidence f o r  a stock 
recovery process of two stock components s i m i l a r  t o  t h e  recovery of 
the  s tock observed i n  recent  years .  A t  the  end of the  previous century 
the  spawning took, however, p lace  i n  the  e a r l y  winter ,  and a f t e r  
spawning the  he r r ing  obviously l e f t  the  coas t .  The prolonged s t a y  of 
the  he r r ing  i n  the  Norwegian c o a s t a l  waters i n  recent  years  may 
the re fo re  be r e l a t e d  t o  the  l a t e  spawning t i m e .  

The he r r ing  s tock was f i shed out  i n  1970, and without protec t ion  the  
immature s tock would probably a l s 0  have been depleted i n  1971. This 
h i s t o r y  shows t h a t  the  e f f i c i ency  of the  f i s h i n g  techniques d i rec ted  
a t  schooling f i s h  has reached a leve1 at which the  su rv iva l  of s tocks  
is  endangered. It is thus thought provoking t o  note t h a t  the  most 
important f i s h  resource i n  the  Northeast At lan t i c  may have survived 
exp lo i t a t ion  only on account of regula t ions  introduced a t  t h e  very 
l a s t  moment. The s tock is now increas ing,  but  is s t i l l  below the  
c r i t i c a l  leve1 of  2.5 m i l l .  tonnes where recrui tment is  assumed t o  be 
a f fec ted .  The s tock cons i s t s  mainly of one year  c l a s s ,  t h e  year  c l a s s  
1983. The younger age groups a r e  a l l  poor and the  spawning s tock is 
expected t o  dec l ine  i n  the  1990's.  The f u t u r e  development of t h e  s tock 
w i l l  t o  a l a r g e  ex ten t  depend on the  su rv iva l  condit ions of the  
he r r ing  f r y  i n  coming years ,  but  the  recovery of the  s tock is  s t i l l  
dependent on e f f e c t i v e  protec t ion .  

A s  t he  main plankton feeder i n  t h i s  region the  he r r ing  must have 
played a dec i s ive  r o l e  f o r  a l l  top carnivores . The he r r ing  f i she ry  
has no t  been replaced by any f i she ry  on o the r  plankton-feeding species  
which may have u t i l i z e d  the  production which previously maintained the  
he r r ing  s tock.  The consequence of the  co l l apse  of the  he r r ing  s tock i s  
therefore  t h a t  the  production, i n  one of the  r i c h e s t  a reas  i n  the  
Northeast At lan t i c ,  became unavailable t o  top carnivores ,  including 
man. The deple t ion  of the  herr ing  may have changed the  balanse i n  the  
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ecosystem of the region fundamentally and is probably the prime reason 
to the severe crisis which has developed in the Barents Sea's stocks l 
and fisheries in recent years. The depletion of the Norwegian spring 
spawning herring resulting in a break down of the life cycle of one of 
the largest fish stocks in the world, is likely to be the most 
destructive encroachment to a marine ecosystem ever done by a 
commercial fishery. 
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Table 1. Catches ( i n  thousand tonnes) of Norwegian spring- 
spawning he r r ing  during the  period 1950-1988 

Winter Summer and Tota l  a d u l t  Small and Grand 
Year he r r ing  autumn her r ing  he r r ing  f a t  he r r ing  t o t a l  

* Preliminary 
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Table 2. Tota l  catch. 

Catch ( i n  thousand of tons)  of adu l t  and 
p re - rec ru i t  Norwegian spring-spawning 
herr ing 1950-1968. 

Year Iceland Norway USSR Faroes Germany Tota l  

1950 30.7 781.4 14 .O 
- 826.1 

1951 48.9 902 3 43.0 - - 
- 994.2 

1952 9.2 840.1 70.0 - 919.3 
1953 31.5 692.2 110.0 17.0 - 850.7 
1954 15.2 1103.6 160.0 27.6 1306.4 
1955 18.1 979.3 207.0 13.1 - 1217.5 
1956 41.2 1160.7 235.0 23.7 - 1460.6 
1957 18.2 813.1 300.0 17.0 - 1148.3 
1958 22.6 356.7 388.0 17.7 - 

- 785 0 
1959 34.5 426.9 408.0 13.7 883. l 
1960 26.7 318.4 465.0 11.0 - 821. i 
1961 85.0 111.0 285.0 16.9 - 

- 497 9 
1962 176.2 156.2 209.0 9 .8  - 551.2 
1963 177 5 130.4 330.0 12.9 650.8 
1964 367 4 366.4 365.8 19 3 - 1118.3 
l965 540.0 259.5 489.2 31.5 5.6 1325.8 
1966 691.4 497.9 447.4 60.2 26.1 1723. O 

1967 359.3 423.7 303.3 34.9 9.7 1130.9 
1968 75.2 55.7 124.3 - i .8 257 0 
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Table 3. Tag releases (m) and recoveries by components 1975-87 including 
yearclasses 1981 and older. 
C= catch (in number) effectively screened 

Northern component 

Releases R e c a p t u r e s  
Year m 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 SUM ...................................................................................... 
1975 20991 O O 7 1 2  7 8 1 O o 4 3 1 8  o 60 
1976 15947 O 2 5 2 7 2 0 0 2 4 5 0  29 
1977 24989 O 12 10 17 4 O 2 11 5 34 O 9 5 
1978 19998 0 1 8 1 5  7 o 2 1 5  8 2 7  6 98 
1979 8797 0 7 1 0 2 6 5 1 1  1 3 3 
1980 15988 O 4 O 3 1 7  4 2 5  2 55 
1981 9977 O 2 5 11 10 29 2 59 
1982 14884 O 3 15 3 15 2 38 
1983 17925 O 13 8 34 1 5 6 
1984 13957 0 3 3 0 3  3 6 
1985 18717 0 39 1 40 

9 29 37 54 19 2 17 94 53 267 18 
j 

SUM O O 
l 

Southern component 

Releases R e c a p t u r e s  
Year m 1975 1976 1977 1978 1979 1980 1981 i982 1983 1984 1985 1986 1987 SUM 
.................................................................................... 

SUM 


