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The N orwegian spring spawning herring has undergone great fluctuations in abundance and changes 
in migration. In the m iddle o f  this century the stock was in a productive phase, after which a serious 
depletion took place and the stock collapsed by the end o f the 1960s. The primary factor for the 
collapse was high fishing pressure. A gradual, but small increase in the adult stock took place be­
tw een 1974 and 1986. In this period the adult herring did not leave the coast after spawning to feed 
in the Norwegian Sea, as in previous years, but rem ained near shore to feed and later m igrated into 
the fjords for wintering.

The only numerous year class betw een 1970 and 1987 was that o f 1983. W hen this year class 
became mature a significant increase in the spawning stock took place. At the same tim e a change in 
the m igration pattern was recorded. From 1989 spawning extended southwards along the Norwegian 
coast, and during the 1990s the Norwegian Sea was increasingly reutilized for feeding. However, 
w intering still took place in the fjords. Two strong year classes, those o f  1991 and 1992, started to 
recruit to the spawning stock in 1994 and 1995. The subsequent three year classes are weak and a 
decline in the spawning stock size is expected after 1997-98. W ithout agreem ent on total allowable 
catches (TACs), w hich limit fishing m ortality to a low level, the spawning stock may again decrease 
below the m inim um  biological acceptable limit, and the potential largest fish resource in the North 
Atlantic may again be depleted.
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IN T R O D U C T IO N

The Norwegian spring spawning herring (Clupea 
harengus L.) belong to the group of Atlanto-Scandian 
herring. This name was introduced by J o h a n s e n  ( 1 9 1 9 )  
to describe the herring found along the Norwegian coast, 
in the Norwegian Sea, in areas off Iceland, off the Faroes 
and on the north-eastern edge of the North Sea. Today 
Atlanto-Scandian herring is used as a common name for 
the Norwegian spring spawning herring, Icelandic spring 
andlcelandic summer spawners (Fig. 1).

The Norwegian spring spawning herring is poten­
tially the largest of these stocks. In a virgin state the 
total stock biomass may have reached a level of 15 
million tonnes, and constituted the largest single fish 
stock unit in the North Atlantic. It is one of the world’s 
most important clupeid stocks. However, great fluc­
tuations in abundance have taken place. The stock was 
in a productive phase in the middle of this century up 
to the end of the 1950s ( D e v o ld  1963; D r a g e s u n d  &  
J a k o b s s o n  1963; M a r t i &  F e d o r o v  1963; D s t v e d t  
1963), when a serious depletion started. A dramatic 
increase in the exploitation rate took place and the stock

collapsed by the end of the 1960s ( D r a g e s u n d  & al. 
1980; J a k o b s so n  1980). The distribution and migra­
tory pattern of the herring changed when the stock size 
declined, and the traditional feeding and wintering 
grounds in the Norwegian Sea were left after the col­
lapse. During the first part of the recovery period, from 
1970 to 1986, the adult herring remained in coastal 
waters to feed and wintered in fjords of northern Nor­
way. From the late 1980s, when a further increase in 
stock size was recorded, feeding in the Norwegian Sea 
again took place (R o t t in g e n  1992).

As a plankton feeder the herring plays an important 
role in converting the abundant standing stocks of 
Zooplankton in the Norwegian Sea into food directly 
available for human consumption. However, the plank­
ton production is highly dependent on the dynamic and 
circulation processes of the water masses as well as on 
the environmental conditions in the area of distribu­
tion and adjacent waters ( J a k o b s s o n  1963a; 1980; 
P a v s h t ik s  &  T im o k h in a  1972; A k s n e s  &  B l in d h e im  
1996). Figure 2 indicates the monthly development from 
March to September of Zooplankton concentrations in 
the surface layers from the Norwegian coastal area into
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Figure 1. D istribution o f  stocks within the Atlanto-Scandian 
herring group. Spawning areas are hatched (after D r a g e s u n d  

& al. 1980).
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Figure 2. Monthly development o f  the "spring' increase o f 
Zooplankton in the Norwegian Sea and adjacent waters (m odi­
fied from  P a v s h t i k s  &  T i m o k h i n a  1972). 1. M arch-April. 
2. May-June. 3. July-August. 4. September.

the Norwegian Sea. The ‘spring’ increase in Zooplank­
ton gradually extends north-westwards into Atlantic 
water in spring and early summer, and later into mixed 
and Arctic waters. It is expected that the availability of 
these plankton resources will determine the distribu­
tion and migration pattem of the herring during the feed­
ing season, and they will also play an important role 
for the production potential of the stock.

In tile present paper we will summarise the variation 
in migration and abundance of the Norwegian spring 
spawning herring during the period 1 9 5 0 - 1 9 9 5  and 
comment on the exploitation and management of the 
stock during the same period.

THE PERIOD BEFORE THE COLLAPSE. 1950-1969 

Distribution and migration
The main migration pattem of the adult herring during 
the period 1 9 5 0 -1 9 6 2  is illustrated in Figure 3. In this 
period the adult herring migrated after spawning to­
wards the feeding area in the Norwegian Sea and fed 
heavily on Zooplankton (mainly copepods). The limit 
of the summer feeding migration extended from the Jan 
Mayen area in the north to the western borders of the 
East Icelandic Current in the south ( F r id r ik s s o n  &  
A a s e n  1 9 5 0 ; D e v o l d  1 9 6 3 ; Ja k o b s so n  1 9 6 8 ). The feed­
ing area contracted during autumn when the herring 
were found along the southern border of the East Ice­

landic Current. The ripening herring wintered in this 
area. In January the prespawning concentrations moved 
towards the Norwegian coast, usually reaching the coast 
in tile area off Stad (at about 62° N) in January-Febra- 
ary ( D e v o ld  1963) and distributed themselves along 
the coast for spawning in March at depths from 50 to 
150 ni. During the early 1950s, when the standing stock 
was at a high level, the herring spawned at several places 
along the Norwegian coast from Lindesnes to Lofoten, 
with the most important spawning areas at the More 
coast and at the southwestern grounds south of Bergen 
(D e v o ld  1963). This brief description of the distribu­
tion and migration of the adult stock was the usual one 
during the 1950s. It is likely that a similar migratory 
pattern also existed prior to this period, e.g. during the 
1930s and 1940s, when the stock probably also was in 
a productive phase. Elowever, in the late 1950s the 
spawning gradually shifted northwards and from 1960 
onwards the spawning south of Stad was negligible 
(D ra g e s u n d  1970a). In general, the area of spawning 
shrunk in proportion to the stock size, which in 1960 
had decreased to a level of almost half its size in 1950 
(A n o n . 1970; 1977).

Figure 4 shows a schematic illustration of the gen­
eral distribution of the early stages of herring, with spe­
cial reference to the abundant 1959 year class. Soon 
after hatching (mainly in April) the larvae rise into the 
upper water layers (50-0m) and are transported north­
wards in coastal waters (S < 35). An extensive north-
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Figure 3. M igration routes o f  Norwegian spring spawning her­
ring, 1950-1962. (modified from  A n o n .  1970).

ward drift of most larvae takes place from spawning 
grounds along the coast. In summer and early autumn 
0-group herring are generally recorded as sound scat- 
terers in the top layers of water along the Norwegian 
coast and in the Barents Sea. In all years concentra­
tions of 0-group herring are observed along the coast 
in early autumn, particularly at the entrances to the fjords 
( D r a g e s u n d  1970b). Later in Ute autumn the herring 
penetrate farther into the fjords. The offshore distribu­
tion is more variable and is closely related to the 0- 
group abundance and the surface current and wind pat­
tem along the coast during the drift migration phase 
( D r a g e s u n d  1970a; D r a g e s u n d  &  N a r r e n  1973; 
K r y so v  & al. 1995; J o h a n n e s s e n  & al. 1995a).

The 0-group herring remain in these areas during the 
following 2 to 3 years before a gradual emigration from 
the nursery areas (the fjords and the central parts of the 
Barents Sea) takes place depending on the feeding con­
ditions for tile juvenile herring. Before the collapse of 
the stock the maturing herring usually joined the adults 
at an age of 4-5 years during the feeding period in the 
Norwegian Sea ( D r a g e s u n d  & al. 1980).

Also during the period 1963-66 the main feeding took 
place in the Iceland-Jan Mayen area. However, in 1963 
a separate stock component was established in addition 
to the main one (Fig. 5). This herring had spawned for 
the first time at Lofoten in 1963 and migrated after 
spawning to the region south-west of Bear Island for 
feeding. At the end of the feeding season some of this 
herring moved to the wintering area off East Iceland,
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Figure 4. Distribution o f young herring. 1. Nursery area. 2. Lar­
val distribution. 3. Direction o f  post-larval drift to the off­
shore nursery area ( D r a g e s u n d  & al. 1980).

and recruited to the main component of the adult stock. 
However, most of the herring which had spawned at 
Lofoten together with some herring coming from the 
main feeding area at Jan Mayen migrated after feeding 
to a wintering area located between Bear Island and the 
Norwegian coast, and migrated thereafter to Lofoten 
for spawning. The main part of the maturing herring, 
which recruited to the Lofoten component, were also 
wintering in this area. ( B e n r o  & al. 1966; D e v o ld  1968; 
J a r o b s s o n  1968).

In the autumn of 1966 this separate stock component 
migrated all the way from the Bear Island feeding 
grounds to the wintering area off East Iceland and mixed 
with the main component of the stock that traditionally 
wintered in that area. In 1967-1968 the two compo­
nents came together (Fig. 6) and the feeding took place 
in an area west of Bear Island, whereas the wintering 
was located off East Iceland ( D e v o ld  1968; J a r o b s s o n  
1968). The spawning was concentrated at the coast off 
mid Norway ( D r a g e s u n d  & al. 1980).

The significant changes in the distribution and mi­
gratory pattem which took place in the 1960s, first a 
splitting of the stock into two components and later a 
rejoining of the two with the adoption of a migration 
pattem combined from the two earlier patterns, are dif­
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Figure 5. M igration routes o f Norwegian spring spawning her­
ring, 1963-66. (modified from  A n o n .  1970). Double arrows 
indicate a splitting o f the herring in two separate areas.

Figure 6. Migration routes o f Norwegian spring spawning her­
ring in 1967-1968, with a rejoining o f  the two components 
adopting a m igration pattern combined from  the two earlier 
ones.

ficult to explain. They occurred during the same period 
as a dramatic increase in fishing effort took place and 
could be due to a combination of high exploitation rate 
( D r a g e s u n d  & al. 1980) and changes in the environ­
mental conditions ( M a l m b e r g  1969; Ja k o b s so n  1980).

Exploitation and abundance
Traditionally the main fishery on adult herring has been 
the winter herring fishery along the Norwegian west 
coast prior to and during the spawning season ( O stvedt  
1958, 1963, D e v o l d  1963; D r a g e s u n d  & al. 1980; 
S l o tt e  &  J o h a n n e s s e n  in press). This fishery has al­
most entirely been carried out by Norway (Fig. 7). In 
addition to the fishery on adults, a fishery on young 
and adolescent herring has taken place at the Norwe­
gian coast and in the fjords, mainly in northern Nor­
way. This fishery has been based on ‘small herring’ 
(smäsild), i.e. mainly 0- and 1-group fish, and on ‘fat 
herring’ (feitsild), i.e. 1- to 4-group fish ( D r a g esu n d  
1970b). An analysis of the total catch of young and 
adolescent herring landed during the period 1930-1970 
shows that considerable fluctuations have occurred (Fig. 
7). It should be noted that a significant increase in the 
catch of ‘fat-herring’ was recorded in the 1960s.

Another important fishery for adult herring, the sum­
mer and autumn herring fishery, took place on the feed­
ing grounds in the Norwegian Sea (F rid r ik s s o n  1944; 
1963; M a rti 1959; M a r t i &  F e d o r o v  1963; J a k o b s so n  
1963a,b). This fishery (Fig. 7) was located for a long

period off northern and north-eastern Iceland and the 
stock was principally exploited by Icelandic and Nor­
wegian vessels, mainly purse seiners, until about 1950 
when an extensive drift net fishery was started by Rus­
sia. In tile late 1950s new technical advances consider­
ably improved the purse-seining system in this fishery. 
Development of acoustic instruments also made the 
searching technique for pelagic schools considerably 
more efficient. The new fishing technique made it pos­
sible to extend the fishery far offshore into the Norwe­
gian Sea and the fishing season lasted until October- 
November with fishing mortality increasing consider­
ably. The adult stock was depleted from a level of 10 
mill, tonnes in 1950 to almost zero in 1968-1970. Dur­
ing this period fishing mortality increased from about 
0.1 to about 1.0-1.5 ( D r a g e s u n d  & al. 1980) (Fig. 8).

The rise in fishing mortalities on the adult stock was 
mainly a result of higher fishing effort in the summer 
and autumn fishery combined with decreasing stock 
size. U llt a n g  ( 1976) showed that in a purse seine fish­
ery a constant fishing effort may generate a constant 
catch instead of a constant fishing mortality as is usu­
ally assumed. U l lt a n g  (1980) has further shown that 
under such circumstances, increasing fishing effort and 
decreasing recruitment may lead to an exponential in­
crease in the fishing mortality.

Although at least two very strong year classes (1950 
and 1959) recruited to the adult stock during the period 
1955-1965, the spawning stock showed a dramatic de­
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Figure 7. Landings o f  Norw egian spring spawning herring 
( D r a g e s u n d  & al. 1980). A . The catch o f adults during the 
w inter herring fishery in 1925-1970. B. The catch o f  young 
and adolescent herring in 1930-1974. C. The catch o f  adults 
during the summer and autumn herring fishery in 1925-1970.

cline ( D r a g e s u n d  & al. 1980). The failure in recruit­
ment was partly due to a series of weak or moderate 
year classes (Fig. 9), but the main reason for the very 
weak recruitment to the adult stock in 1950-1970 was 
the Norwegian young and adolescent herring fishery in 
coastal and later also offshore waters (D r a g e s u n d  & al. 
1980). An increase in fishing mortality with decreas­
ing year class strength was observed in the young her­
ring fishery. These estimates reflect the fact that in this 
fishery as well the catchability coefficient increased with 
decreasing abundance. All investigations carried out on
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Figure 8. Spawning stock size and fishing m ortality o f  7-year 
old and older herring in 1950-1968 ( D r a g e s u n d  & al. 1980) 
and 1975-1995 (after A n o n .  1996).
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Figure 9. Year class strength in num ber as 0-group and 4 year 
old herring. 1950-1969 ( D r a g e s u n d  & al. 1980).

Norwegian spring spawning herring clearly showed that 
the fishing pressure, especially on young and adoles­
cent herring, but also on adult herring in the years 1965- 
1968, was the primary factor in the collapse of this her­
ring stock ( D r a g e s u n d  1970b; D r a g e s u n d  & al. 1980).

THE RECOVERY PERIOD. 1970-1995

The state o f  the stock from  1970 to 1986
The summer and autumn fishery for adult herring ter­
minated in 1969, and no herring were recorded at the 
usual feeding areas in the Norwegian Sea during the 
following years. The winter herring fishery on the 
spawning grounds continued on the depleted stock also 
in 1970 and 1971. A total ban on this fishery was intro­
duced in 1972 ( D r a g e s u n d  & al. 1980). Practically no 
adult herring were recorded on the usual spawning 
grounds in 1972. The very low number of newly hatched 
larvae in 1970-1972 (Fig. 10) and later the very low 
abundances of the 1970-72 year classes as adults, dem­
onstrated that the spawning stock collapsed by the end 
of the 1960s.

The development in the stock since 1970 has been 
closely monitored by use of tagging experiments, re­
search vessel surveys and information from surveys and 
commercial fishery directed towards other species. High 
fishing activity for other species by commercial ves­
sels and extensive year-round surveys by research ves­
sels, applying acoustic recording equipment, would 
detect herring if present in large quantities in any area 
during the 1970s.
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represent num ber o f  larvae below 1 m2 surface ( D r a g e s u n d  & al. 1 9 8 0 ) .

The abundance of immature herring was also very 
low after the collapse, but still some fishery on young 
herring was carried out. Small concentrations of her­
ring, mainly belonging to the 1969 year class were ob­
served off the coast of northern Norway (Finnmark) in 
1971. This last remnant of the stock probably survived 
as juveniles somewhere in the Barents Sea or in the 
north-eastern part o f the Norwegian Sea ( D r a g esu n d  
& al. 1980).

First time spawners of the 1969 year class were ob­
served at the spawning grounds o ff Lofoten and 
Vesterâlen in the winter of 1973. Also farther south at 
the More coast herring from the same year class 
spawned for the first time in 1973 (Fig. 10). Thus two

small components of immature herring (mainly from 
the 1969 year class) survived the heavy exploitation in 
the 1960s, one in the Barents Sea and the other one at 
the west coast of Norway, the northern component be­
ing by far the largest (D r a g e s u n d  & al. 1980). The north­
ern component left the spawning grounds at Lofoten 
and continued to spawn in 1974-77 on the traditional 
spawning grounds along the coast of mid Norway (Fig. 
10).

After spawning the adult herring did not leave the 
coast to feed in the Norwegian Sea as in previous years, 
but remained in near shore waters to feed. The adult 
herring migrated northwards along the coast after 
spawning and most frequently had their feeding grounds
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feeding, wintering and spawning in 1 9 7 4 - 1 9 8 6  (modified from
D r a g e s u n d  &  a l.  1 9 8 0 ;  R o t t in g e n  1 9 9 0 ) .

in Ute Lofoten and Vesterâlen area during the summer. 
In late autumn, after the feeding period was over, the 
herring migrated into the fjords for wintering. Here they 
were found in dense concentrations until an emigration 
took place in January-Febraary and the herring moved 
to the spawning grounds located along the coast of 
Trondelag and More (Fig. 11). From 1974 to 1986 this 
was the general migration pattem for the adult stock.

No marked increase in the spawning stock size was 
observed in 1973-76. However, in 1977 an increase in 
the spawning stock size was recorded when the 1973 
year class started to recruit to the spawning stock (Fig.8). 
A gradual, but small increase in the adult stock took 
place during the following 10 years up to 1986 (A n o n . 
1996).

The migration pattem of the young herring during 
the early stages (the first 2-3 years) was similar to the 
period before the collapse. The maturing herring re­
cruited to the adult stock mainly during the feeding and 
wintering period along the coast as they gradually 
reached the prespawning stage at an age of 3-4 years. 
A significant change in the growth pattern was observed 
during the period with low stock abundance. Figure 12 
shows growth curves for earlier periods compared with 
those of the 1969 and 1973 year classes. The growth 
pattern changed from being slower for the abundant 
1950 year class to be more rapid for the less numerous 
1969 and 1973 year classes.
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Figure 12. Growth curves o f  Norwegian spring spawning her­
ring in earlier periods compared with those o f  the 1 9 6 9  and 
1 9 7 3  year classes (after D r a g e s u n d  & al. 1 9 8 0 ) .

Abundance and migration: development from 1987 to 
1995
The first really numerous year class observed during 
the recovery period from 1970 to 1990 was that of 1983 
( R o t t in g e n  1990). When this year class became ma­
ture a significant increase in the spawning stock oc­
curred (Fig. 8). During the 0-group survey in 1983 the 
abundance of this year class was considerably higher 
than earlier recordings in the 1970s and 1980s. As the 
1983 year class gradually started to mature in 1986, the 
spawning stock size increased from a level of 1.2 mill, 
tonnes in 1987 to about 4.0 mill, tonnes in 1988 (A n o n . 
1996). At tile same time a change in the migration could 
be seen. Although the same spawning grounds were 
used as in the previous 10-15 years a more southward 
extension of the spawning could be observed. Already 
in 1989 some spawning took place at the traditional 
spawning grounds south of Bergen (Kannoy) and also 
the spawning at the More coast moved slightly south­
wards ( J o h a n n e s s e n  & al. 1995b).

After spawning the feeding migration gradually ex­
tended somewhat farther out from the coast ( R o t tin g e n  
1990) and during the 1990s also the more central part 
o f the Norwegian Sea was used as feeding areas 
( R o t t in g e n  1992; M isu n d  & al. 1997). However, after 
feeding the herring still continued to move eastward 
towards the Norwegian coast (off Vesterâlen and 
Lofoten) and penetrated farther inshore, mainly into the 
Ofoten tjord and Ty stjord to winter. In January a gradual 
emigration took place from the wintering areas and the
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Norwegian Sea and Barents Sea during early summer and au­
tum n of 1995 in relation to national EEZs and international 
waters (modified after A n o n .  1996).

herring started a southward migration towards the 
spawning grounds off mid Norway. Also some spawn­
ing was observed in 1989-95 at spawning grounds south 
of Bergen (J o h a n n essen  & al. 1995b; Arii Slotte & Ame 
Johannessen pers. commit). The spawning stock size 
during the early 1990s varied between 4.5 and 5.5 mill, 
tonnes ( A n o n . 1996).

In 1 9 9 1  and especially in 1 9 9 2 , the abundances of 0- 
gronp herring again were found to be very high in the 
Barents Sea. Accordingly, the strong year classes of 
1 99 1  and 1 9 9 2  recruited to the spawning stock from 
1 9 9 5 /9 6  onwards resulting in a considerable increase 
in tile spawning stock size to a level of at least 7  mill, 
tonnes in 1 9 9 7  (A n o n . 1 9 9 6 ) . However, as the subse­
quent three year classes are weak (A n o n . 1 9 9 6 )  a re­
duction in the spawning stock size probably will start 
after 1 9 9 8 .

CON CLU DING REMARKS

The increase in stock size and availability of herring re­
sulted in a considerably higher total catch in 1995 than 
expected. As the stock again migrated far into the Nor­
wegian Sea and reached the former feeding grounds in 
the Icelandic and Faroese economic zones as well as the 
international area in the central Norwegian Sea (Fig. 13) 
a large international herring fleet started to fish on the 
stock throughout the summer-autumn feeding season.

According to the International Council for the Ex­
ploration of the Sea (ICES) the total catch in 1994 was 
about 0.5 mill, tonnes. For 1995 the drastic increase in 
catches in the Norwegian Sea has resulted in a total 
catch above 0.9 mill, tonnes or a fishing mortality of 
about 0.2 (Fig. 8). The management of this stock is at 
present in a critical stage. A new management regime 
adapted to the new migration pattem has to be estab­
lished. If tile countries involved are not able to estab­
lish such a regime and agree on total allowable catches 
(TACs) which limit fishing mortality to a low level, 
the spawning stock may again decrease below the mini­
mum biological acceptable limit of 2.5 mill, tonnes as 
defined by ICES (A n o n . 1996) and the rebuilding of 
the stock to its former high level may be endangered. 
In case of an uncontrolled escalation of the fishery, the 
potentially largest fish resource in the North Atlantic 
may again be depleted.
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