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Juvenile herring and capelin are the main stocks of plankton feeders in the Barents Sea, the cod 
is the dominant predator. Warm climate favours recruitment of herring and cod, but large stocks 
of juvenile herring hamper survival of the capelin fry. Since the early 1970s, the herring stock has 
been grossly overexploited, which could have led to an imbalance in the state of the predator- 
prey relationships in the Barents Sea. In the 1970s and early 80s, however, cod could feed on 
capelin which had excellent growth and recruitment conditions when the herring was absent. The 
consequences of the reduced herring stock were triggered in the mid 1980s, when excellent 
recruitment conditions for herring and cod occurred. Three abundant year classes of cod were 
recruited, but the herring stock was not sufficiently large to take full advantage of the favourable 
recruitment conditions. Given the lack of juvenile herring and a reduced capelin stock, the rapidly 
growing cod stock grazed down all other available prey species in the area, including its own 
progeny, and starved cod, seabirds and seals have in later years appeared on the north Norwegian 
coast. The capelin fishery collapsed, and the traditional coastal cod fisheries have been struck by 
the most serious crisis on record. 
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Introduction 

A severe crisis has developed in the Barents Sea's stocks of fish and fish eating species 
in recent years. The crisis became obvious in 1987 when many starving harp seals invaded 
the Norwegian coastal waters. In 1987 and subsequent years, thousands of under-fed 
seals have drowned in fishermen's gear, and flocks of starved seabirds have washed 
ashore on the coast of Finnmark. In 1986, the large Barents Sea capelin fishery collapsed 
and the North-East Arctic cod population, which is the largest stock of predator fish in 
the area suffered greatly from lack of food. In the late 1980s the cod stock nearly 
perished, and the traditional coastal cod fishery was struck by the most serious crisis on 
record. 

The Norwegian spring spawning herring was the largest fish stock of Europe, but was 
grossly overexploited in the late 1960s. The Barents Sea capelin fishery replaced the 
herring fishery as the largest in Europe in the 1970s, and reached a record catch in 1977 
of nearly 3 million tonnes. The capelin has been the major plankton feeding species in 
this area since the late 1960s, and the starvation of the stocks of marine carnivores in 
the 1980s therefore has been associated with the exploitation of the capelin stock. The 
North-East Atlantic region is an area of high productivity, but low biological diversity, 
meaning that the area is rich in fish, but the fish belong to few species. Such an ecosystem 
is attractive to fisheries, but has low stability and may be seriously affected by over- 
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exploitation of one key species in the system. There is evidence that overexploitation of 
the herring is the most likely explanation for the crisis. The present paper is a 
comprehensive review of the life history and exploitation of the main fish stocks 
concerned, in light of relevant knowledge of stock interrelationships and climatic 
conditions. The aim is to reconstruct the history and ecological processes behind the 
stock development of carnivores in the Barents Sea. 

The environmental conditions 

The physical conditions in the Norwegian Sea - Barents Sea region are governed by the 
inflow of Atlantic water through the Faroe-Shetland Channel (Fig. 1). Two main 
branches of the Atlantic Current create two separate ecosystems, one in the North Sea 
and one in the Norwegian Sea - Barents Sea. In the latter area, the interface between 
the inflow of warm Atlantic water and the cold Arctic water forms the physical basis for 
two highly productive areas, one in the Norwegian Sea along the Polar front, and one 
in the marginal ice zone of the Barents Sea. The rich production in the latter area is 
linked to the movement of the ice edge (Gj~s~eter et al., 1983). 

The strength and properties of the inflowing Atlantic water vary periodically and 
determine the climate of the region. Increased inflow of Atlantic water increases the 
temperature in the upper water masses and favours recruitment of the main fish species 
(Manti and Fedorov, 1963; Saetersdal and Loeng, 1984). Mean temperature and salinity 
in the Barents Sea in the period 1964-1993 are shown in Fig. 2. A period of warm climate 
at the end of the 1960s was followed by 8 years of decreasing temperature and salinity 
during the 1970s, indicating low inflow of Atlantic water to the Barents Sea. The strength 
of inflowing Atlantic water shows an abrupt increase in the early 1980s, a decrease in 
the mid 80s and a new increase in the late 1980s. 

The ecosystem 

The rich plankton production in the Norwegian Sea has been harvested by two large 
stocks, the adult Norwegian spring-spawning herring Clupea harengus, and the adult 
blue whiting Micromesistius poutassou. The herring feeds in the upper water column, 
mainly on copepods, whereas the blue whiting is a semipelagic fish which usually feeds 
on larger planktonic organisms in the intermediate water masses. The capelin, Mallotus 
villosus, is the main plankton feeder in the Barents Sea, but in years with high inflow 
of Atlantic water and strong herring year classes, the juvenile herring plays an important 
part as prey species in the area. The polar cod, Boreogadus saida, feeds in the 
intermediate water of the northern and eastern Barents Sea, and has a similar relation 
to the capelin as the blue whiting to the herring in the Norwegian Sea. 

Herring and capelin are the main food sources for a large variety of fish stocks, 
mammals and birds. The North-East Arctic cod, Gadus morhua, is the largest predator 
in the system and plays a decisive role in the balance of the predator-prey relationships. 
All the main stocks of fish and mammals are harvested by man. 

Relevant features of the general biology of the fish stocks are illustrated in Fig. 3. 
Prior to the 1970s, the adult herring fed in the Polar front area of the Norwegian Sea 
during summer and autumn, but spawned on the Norwegian west coast in the early 
spring. In late autumn the herring gathered in a wintering area east of Iceland and started 
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Figure 2. Mean annual temperature (solid line) and salinity (broken line) in the Barents Sea in 
1964-1993 (Midttun and Loeng, 1986; Anon, 1993a). 

the spawning migration towards the Norwegian coast around the New Year (Dragesund 
et al., 1980). This migration transferred huge quantities of fish biomass from distant 
waters to the Norwegian coast and probably had a considerable effect on the marine life 
on the Norwegian shelf. The migrating herring shoals were followed by fish-predators: 
sea-mammals, birds and larger predatory fish and turned the Norwegian west coast into 
one of the richest fishing and hunting grounds in the world. Young herring (0-4 years 
old) are widespread on the Norwegian continental shelf and in the southern parts of the 
Barents Sea (Dragesund, 1970). and year classes are abundant when the inflow of 
Atlantic water is high. In the latter area the young herring distribution overlaps that of 
juvenile capelin and may affect recruitment to the capelin stock. 

The adult herring stock collapsed in 1969, and the feeding migration to the Polar front 
was disrupted. The previous migration pattern has not yet been resumed, and the present 
distribution is as shown in Fig. 4. The adult herring as well as the juveniles are now 
feeding in Norwegian coastal waters, and the prespawners are wintering in Norwegian 
fjords. The spawning grounds have not changed to any appreciable extent (Hamre, 
1990). 

The capelin spends its whole life in the Barents Sea. During summer and autumn the 
catchable stock (2-4 years old) feeds in the marginal ice zone of the northern Barents 
Sea, and the maturing capelin migrates to the coast of Norway and the former USSR 
for spawning during winter and early spring. The spawning migration of capelin has the 
same positive effect on the Norwegian north coast fisheries as the herring had for the 
fisheries on the west coast, The capelin suffers mass mortality after spawning, and the 
life span of the fish therefore is relatively short, 3-5 years (Prokhorov, 1965). The larval 
and juvenile stages are distributed in the central and south-eastern Barelats Sea, where 
they are subjected to predation by juvenile herring and cod. 
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Figure 3. Distribution and migration of the most important fish stocks in the Norwegian-Barents 
Sea ecosystem. 

The growth potential of the semipelagic stocks of blue whiting and polar cod is 
probably affected by the size of the pelagic stocks. However, the semipelagic stocks are 
of marginal importance as prey species in this ecosystem because they spawn in other 
areas. 

The spawning grounds of Arctic cod are strategically situated on the central Norwe- 
gian coast between the spawning grounds of the herring and the capelin. The cod feeds 
in the southern and central part of the Barents Sea and in the Svalbard area, and matures 
at an age of 5 to 8 years. The juveniles have a more north-eastern distribution than the 
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adults, but the distribution is mostly limited to the area south and west of the marginal 
ice zone. The adult capelin therefore is mostly available as food for cod during the 
capelin's spawning migration in winter and spring, whereas the cod may feed on juvenile 
herring and capelin throughout the year (Ponomarenko and Ponomarenko, 1975; Mehl, 
1989). 

Little is known about the distribution, feeding behaviour and the magnitude of the 
predation caused by mammals and birds, but the whales and seals are no doubt of 
importance for the ecobalance of the region. 
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Herring 
The herring has been caught in Norway since ancient times, and has deeply affected the 
social life and activities of people living on the Norwegian coast. The history of the 
herring fisheries can be traced back hundreds of years, but data for stock assessment 
are only available since the 1950s. Back-calculated stock estimates based on catch in 
number by age (Gulland, 1965) i.e. VPA-based (virtual population analysis) estimates 
of the state of stock and the catches from 1950 onwards are summarized in Fig. 5. The 
adult herring stock was estimated to be 7 to 10 million tonnes in the 1950s, but declined 
to a level of some 3 million tonnes in the early 1960s. This was mainly due to poor 
recruitment in the period 1951-58. Two strong year classes were recruited in 1959-60, 
but the stock was depleted in the late 1960s due to increased exploitation caused by the 
introduction of the power block to the purse seining technique (Dragesund et al., 1980). 
A fraction of the 1969 year class survived and gave rise to a new spawning stock of 
herring from 1973 onwards. In the mid 1970s the spawning stock was estimated to be 
100 000 tonnes, and increased slowly to some 500 000 tonnes in 1983. In 1983-85 three 
relatively strong year classes were recruited as 0-group in the Barents Sea. These year 
classes (especially 1984-85) suffered heavy predation from an increasing stock of 
juvenile cod. The 1983 year class matured in 1988, and the spawning stock increased to 
some 2 million tonnes (Mehl, 1989). 

The recruitment is variable, and very strong year classes in relation to parent stock 
have occurred in 1950, 1959-60, 1963 and 1983. A new period of favourable recruitment 
conditions started in 1989 (Fig. 5), and the subsequent herring year classes are relative 
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Figure 5. Estimated stock biomass of 1 year old and older herring (solid line), spawning stock 
biomass (broken line) and catches (dotted line) in the years 1950-1993. 
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abundant. The fishery has been regulated by catch quotas since the early 1970s. 
Although the fishing mortality has been low, the fishery has delayed the rebuilding oI 
the stock, and the herring is considered to be recruitment overexploited (Hamre, 1990: 
Anon, 1993b). 

Capelin 

Prior to 1960s, the capelin was regarded as an important stock as food for cod, but not 
as a large potential resource for exploitation. The capelin was fished on a small scale as 
prespawners off Finnmark since the 1950s. The catch increased in 1959-61, but a sudden 
collapse of the fishery occurred in 1962. From 1965 onwards the catch increased 
substantially and reached a record catch of 2.9 million tonnes in 1977 (Fig. 6). These 
large catches also include immature capelin which has been fished in the feeding area 
during summer and autumn since 1968. Since 1978, the fishery has been regulated by 
separate catch quotas for the autumn and winter fishery. From autumn 1986 onwards 
the capelin fishery was banned, but the fishery was reopened in 1991 (Anon, 1993b: 
Hamre, 1985). 

No stock abundance estimate of capelin is available prior to the late 1950s. Olsen 
(1965) estimated the relative stock abundance in the years 1959-64. He found that the 
stock increased by 4 times in the period 1959-61, but declined below the 1959 level in 
1962-64. This rise and fall in stock size was correlated to variable recruitment, the year 
classes 1960-61 being extremely poor compared with the previous ones (Olsen, 1968). 
From 1965 onwards, the recruitment increased considerably, and the 1967 year class was 
reported to be very strong (Dragesund et al., 1971). 

Acoustic estimates of stock abundance are available since 1972 (Fig. 6). The estimates 
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Figure 6. Estimated stock biomass of 1 year old and older capelin (solid line), maturing stock 
biomass in September (broken line) and catches (dotted line) in the years 1972-93. 
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(solid line) were obtained in September and cover the age groups 1 years old and older 
(Dommasnes and R0ttingen, 1985; Anon, 1993b). The maturing of the capelin is 
correlated to the size, the capelin above 14 cm in September is expected to mature and 
spawn in the subsequent winter (Hamre and Tjelmeland, 1982). The latter estimate 
adjusted by the natural mortality and the catch in October-April is taken as the stock 
biomass of spawners (modnende) in the subsequent year (broken line). 

']'he capelin stock continued to increase in the first half of the 1970s and reached a 
maximum in 1975 of about 8 million tonnes. In this period two strong year classes were 
recruited (1971-1972). These year classes were distributed far north and east in the 
Barents Sea, where the conditions for growth are poor (Gj0saeter and Loeng, 1987). 
Since the capelin suffers mass mortality after spawning, the reduced growth rate delays 
the maturation and increases the survival of the immatures. The extraordinary high stock 
abundance in 1975 thus was a result of high recruitment and the accumulation of older 
age groups in the immature stock due to delayed maturation and reduced spawning 
mortality. The 1971-72 year classes matured and spawned in 1976-1977, and the stock 
declined to a level of 5 million tonnes in the autumn 1977. This decline in stock size was 
determined mainly by spawning mortality and was little influenced by the fishery. In the 
late 1970s the individual growth increased and the stock biomass went up accordingly. 
A large portion of the stock matured and spawned in the subsequent winters, and the 
stock declined to some 4 million tonnes in 1982-84. This decline in stock size was also 
caused by increased spawning mortality mainly and was little influenced by the fishery 
(Hamre, 1985). 

The natural mortality of immature capelin (M) has been estimated to 0.61 in 1974- 
78, 0.86 in the 1979-83 and 1.68 in 1984-85 (Anon, 1987). The dramatic increase in M 
in latter years is caused by predation associated with an increase in the stock of young 
cod from 1983 onwards (Mehl, 1989). In 1984 and 1985 the recruitment also failed, 
probably due to increased predation or food competition between capelin larvae and the 
juvenile herring, and the capelin stock collapsed in 1986. The evidence thus suggests 
that the capelin fishery contributed to some extent to the stock decline in the 1980s, but 
recruitment failure was the main reason for the stock collapse in 1986 and in 1962 as well. 

The year classes after 1983 are weak, except the 1990, 1991, and the 1989 year class, 
which was extraordinary abundant in relation to the parent stock (Fig. 9). In 1989 the 
individual growth of capelin increased to the highest level recorded, and the stock 
biomass rose from less than 1 million tonnes in 1989 to 6 million tonnes in 1990. A 
similar abrupt fall in the stock size has taken place in recent years, and this has not been 
influenced by the fishery (Fig. 6). The stock has suffered from recruitment failure since 
1991, and a pronounced increase in M since 1992. This coincides with the occurrence of 
abundant year classes of herring and cod (Anon, 1993b, Anon, 1994). 

Blue whiting 
The catch of blue whiting increased sharply in the late 1970s, from an insignificant catch 
prior to 1976 to above 1 million tonnes in 1980. These large catches were taken from 
an accumulated stock estimated to be about 5 million tonnes in 1981. The annual catches 
declined to some 0.5 million tonnes in the mid 1980s, but have shown a slight increase 
in recent years (Monstad, 1989). The role of the blue whiting as prey for the carnivores 
of this ecosystem is considered to be small because the fish spawns in other areas. 
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Polar cod 

The catch of polar cod rose from an insignificant catch prior to 1969 to about 350 000 
tonnes in 1971. The corresponding stock size was estimated at 2 million tonnes. 
Thereafter, the stock and the catch decreased to a very low level in the late 1970s 
(Monstad and Gj¢sa~ter, 1987). The polar cod may be of importance as food supply for 
seals, but has limited availability to stocks distributed south of the marginal ice zone. 

Cod 

VPA-based estimates of the state of the stock from 1950 onwards and yearly catches are 
illustrated in Fig. 7. In the middle of the 1950s, a very strong 1950 year class was 
recruited, and the stock increased to about 5 million tonnes. In the subsequent years 
the stock declined to 2 million tonnes by 1964. This reduction was mainly due to 
increased exploitation. In later years the variation in stock size reflects to a large extent 
the variation in year class strength. Strong year classes were recruited in the early 1970s 
and the stock increased to 3 million tonnes in 1975, but in the cold period after 1975 the 
recruitment was poor, and the exploitation high, and the stock declined to 1 million 
tonnes in 1983. From 1982 onwards several abundant year classes were recruited, but 
the stock biomass did not develop as expected. Shortage of suitable food since 1985 
caused a dramatic fall in the individual growth rate (Fig. 8), and information on cod 
food in subsequent years indicate high mortality due to cannibalism (Mehl, 1989). This 
resulted in a dramatic fall in stock number from 1986 to 1988 (Anon 1988). Although 
the exploitation of all age-groups above 3 years has been high since the early 1960s, the 
fall in stock size was thus a result of food shortage more than an effect of the high 

5.00 . •  C o d  

4,00 J \ - -  Age  3+ 

c 
o . . . . . . .  

~ 3,00 

o 

2,00 

o E 

"~ 100 

0,00 

1950 1955 1960 1965 1970 1975 1980 1985 1990 /ears 

Figure 7. Estimated stock biomass of 3 years old and older cod (solid line), the spawning stock 
biomass (broken line) and catches (dotted line) in the years 1950-1993. 



Biodiversity and exploitation offish stocks 483 

2 

u~ 1,5 
v 

t~ 
r- 

E 
¢~ 1 
c 

, ~  

0,5 
>.- 

0 

[~ 1984 

• 1985 

1986 

L m 

! 
I - I I 

3 4 5 years 

Figure 8. Yearly weight increment of cod by age in 1984-1986. 

exploitation rate. The year classes recruited after 1989 are abundant and the stock 
biomass has increased to nearly 3 million tonnes (Anon, 1994). 

Mammals 
Mammals are important predators on plankton feeders and fish-feeding fishes in the 
Barents Sea, but data on stock sizes and feeding behaviour are inadequate to assess how 
much they consume. However, the commercially most important stock of whale, 
Balaenoptera acutorostrata, may have decreased in the relevant period and, there is no 
evidence for any substantial increase in the stocks of seals (Anon, 1989). The effect of 
the mammals on the abrupt decline in the prey species in the 1980s is considered to be 
small. 

Recruitment mechanism 

Information on the variation in the climate and the age structure of the stocks of cod 
and herring is available since the beginning of this century. This indicates that periods 
with a warm climate favour recruitment of cod and herring, whereas a cold climate is 
associated with low recruitment. Extraordinary strong year classes of cod and herring 
occurred around 1904, 1918, 1937, 1950, 1959 and 1963. In the warm period of the early 
1970s, several abundant year classes of cod were recruited, but the herring failed to 
recruit due to the depletion of the spawning stock (Marti and Fedorov, 1963; Saetersdal 
and Loeng, 1984; Hamre, 1990). 
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Plots of recruitment versus spawning stock of herring and cod for the years 1950-1980 
are shown in Fig. 9. The recruitment figures were back-calculated by VPA; increased 
mortality on juvenile herring in warm periods, when juvenile cod is abundant, is not 
accounted fro by VPA. Both the peak herring year classes, and those recruited immedi- 
ately after the peaks, are likely to be underestimates. The latter may originally have 
been strong but may have, as in 1984-85, served as food resource for a growing stock 
of young cod. 

The stock/recruitment function of herring suggests that in periods with favourable 
recruitment conditions the strength of the year classes is proportional to the size of the 
spawning stock. The supply of juvenile herring as food for cod is thus proportional to 
the abundance of the adult herring stock, whereas the cod may recruit strong year classes 
on relatively low stock levels. This means that in a state of reduced stocks, for instance 
after a long period of cold climate and/or heavy exploitation, a latent imbalance state 
of the predator-prey relationship may develop, and will be triggered when a shift to a 
warm climate occurs. In the early 1980s, when the climate changed, the cod stock was 
large enough to recruit strong year classes. Conversely, the herring, which needs a large 
parent stock to produce abundant year classes, could not take full advantage of the 
improved recruitment conditions, and an abrupt shortage of cod prey occurred. These 
recruitment mechanisms thus explain the paradox that the crisis in the fisheries develo- 
ped after a change in the climate which favours recruitment conditions for the most 
important species of the system. 

The capelin recruitment versus spawning stock plots (Fig. 9) are closely related to a 
Beverton/Holt recruitment curve, except for the years 1984-85 and 1992 when the 
recruitment failed completely, probably due to the recruitment of abundant herring year 
classes. 

Stocks and climate interrelationship 

Climate -fish stocks 
As already mentioned, the overlap in distribution of juvenile herring and 0-group 
capelin in the southern Barents Sea may affect survival of the capelin fry. 

Year 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 

I 9.7 9.9 9.9 8.2 8.6 - 0.3 0.3 7.3 13.0 3.0 7.3 

The index (I) of larval capelin production (Alvheim, 1985; Anon, 1993b) showed no 
substantial decline in the larval production in 1984-85, and the failure of recruitment 
from these year classes as one year old (Fig. 9) therefore must be explained by mass 
mortality of 0-group fish. The stock of young cod was also abundant in these years, but 
the cod is usually feeding in sub-surface layers and not at the surface layer, where herring 
and capelin are distributed. The outstanding capelin year classes 1971 and 1972 show 
moreover that capelin survived the abundant 1970 year class of young cod when herring 
were absent. The evidence thus suggests that the strong herring year class 1983 was 
responsible for increased mortality of capelin fry in 1984-85. 
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The hypothesis that abundant herring year classes in general have fatal effects on the 
capelin fry is supported by the observed recruitment failure in recent years. This is also 
proved experimentally (Oyestad and Moksness, 1979) and is decisive for the fate of the 
capelin stock in warm periods. The hypothesis is supported also by studies of the annual 
changes of the occurrence of capelin in the stomachs of cod by Russian scientists made 
since the late 1940s (Ponomarenko and Yaragina, 1978). Their findings reflect the effect 
of the herring and also the effect of the climate on the capelin stock. The cod feeds 
mainly on maturing (3+) capelin, and presupposing that the herring affects the survival 
of 0-group capelin only, a time lag of some 3-5 years between the recruitment of an 
outstanding herring year class and a decline in the availability of capelin as food for cod 
could be expected. This decline should be pronounced, because the maturation of 
capelin prior to the decline is expected to increase (high growth rate due to a warm 
climate). The annual changes of the occurrence of capelin in the stomach of cod, in 
relation to the outstanding herring year classes 1950 and 1959 are shown in Fig. 10, and 
fit remarkably well with the expectations. The chances of capelin surviving a warm 
period are therefore very poor owing to increased mortality on the older age groups 
(increased spawning mortality and/or increased predation by cod) and mass mortality of 
capelin fry. This was the situation in the early 1950s and 1960s, and explains the decline 
in the availability of capelin in the subsequent years. In the warm period of the 1970s, 
when herring stocks were low, no abrupt shortage of prey species developed. Relieved 
of the predation pressure of the herring, the capelin recruited outstanding year classes 
in the early 1970s, which overpopulated the Barents Sea in the mid 1970s (Anon, 1975). 
This suggests that this ecosystem may be more stable without the herring than with a 
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small herring stock present, as in the 1980s. In the 1980s the herring was sufficiently 
abundant to cause recruitment failure of capelin, but was too small to meet the 
predators' food demand and the abrupt food shortage developed. This hypothesis is of 
historic interest because a similar crisis in stocks and fisheries in Northern Norway 
occurred in the beginning of this century (Hjort, 1903). Prior to this the herring stock 
had been depleted for 30 years and was growing slowly. The crisis in stocks and fisheries 
at the end of the previous century may thus have de celoped under similar conditions as 
in the early 1980s (Hamre, 1988). 

According to the literature, the rise and fall of the capelin stock in previous years 
seem to have been governed by similar stocks and climate conditions as in the 1980s. In 
the period 1959-61 vast numbers of capelin spawned on the western coast of Finnmark 
and Troms indicating a shift to a warm climate (the end of a cold period). These stocks 
produced extremely poor year classes (as in 1984-85) and the fishery collapsed in 
1962-64, probably due to the occurrence of the outstanding 1959 herring year class 
(MOiler and Olsen, 1962; Olsen, 1965; Olsen 1968; Dragesund et al., 1971). According 
to Olsen (1968), the capelin also disappeared from the Finnmark coast in the period 
1938-42 after recruitment of the outstanding herring year class 1937. 

Another important coincidence related to the climate is concerned with the migration 
pattern and spawning behaviour of the capelin. In the warm periods 1959-61 and 
1983-85, the capelin spawned at the most westerly spawning grounds in Finnmark and 
Troms, early in the season (Fig. 11). After two years of recruitment failure (1960-61, 
1984-85) the capelin changed its migration pattern in 1962 and 1986 to an extreme 
easterly route, which was difficult to detect before the spawners approached the easterly 
spawning grounds in the Barents Sea very late in the season (MOiler and Olsen, 1962; 
Anon, 1986). In these years the spawners avoided the main distribution area of the cod, 
and after hatching the capelin fry was distributed to the east of the distribution area of 
the herring. The 1962 year class matured as 3-years old in 1965 and constituted the 
beginning of the rebuilding of the capelin stock in the latter half of the 1960s. Olsen 
(1986) noted also that the relatively rich year classes 1962 and 1963 were both derived 
from late easterly spawning in relatively low temperatures and the spawning stocks 
producing these abundant year classes were very small. On the other hand the vast 
number of capelin, which in 1960 and 1961 were spawning already in February and 
March in relatively warm waters at the western coast of Finnmark and Troms produced 
very poor year classes. A similar description would have been used for the fate of the 
year classes 1984 and 1985 compared with the year class 1986. This year class could have 
played a similar role in the rebuilding of the capelin stock in the late 1980s as the 1962 
year class in the 1960s, if the winter fishery in 1986 had been banned. 

Fish stocks - mammals 

The dependency on the plankton feeders by carnivores at higher trophic levels is most 
clearly demonstrated for sea birds and Arctic seals which were affected severely by the 
abrupt food shortage which occurred in 1986. The large scale invasion of harp seal to 
the Norwegian west coast in 1986-87 coincided with the depletion of the immature 
capelin stock. The immature capelin used to accumulate in front of the advancing ice 
edge during autumn and winter in previous years, and groups of seals have been 
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Figure 11. Typical spawning migration routes of capelin in January-March. 

observed in this area during the winter surveys, especially in the localities east of Bear 
Island. No capelin and seals were recorded when this area was surveyed in January 1987 
and although no sampling of these seals has been made, it is reasonable to assume that 
the majority of the harp seals which invaded the Norwegian west coast in 1986-87 
originated from the Bear Island area (Wiig, 1988). It may be noted that no seal invasion 
occurred when the capelin disappeared in the early 1960s. In those years however the 
Barents Sea was inhabited by a large stock of juvenile herring, which may have fed the 
seals thus obviating their need to move to coastal areas. 

Fish s t o c k s  - b i r d s  

The Norwegian Sea - Barents Sea region sustains a rich and diverse seabird fauna which 
also suffered greatly from lack of food after the collapse of the juvenile herring and 
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capelin stocks. Almost all major bird-cliffs in Norway are situated north of the Arctic 
Circle close to the north-flowing Norwegian Coastal Current north of the spawning 
grounds of the herring and in the neighbourhood of main spawning localities of the 
capelin. 

Seabirds feed on various stocks of small pelagic organisms. Atlantic puffÉn, Fratercula 
arctica and the common guillemot, Uria aalge, feed on capelin and 0-group herring. 
These birds therefore may serve as indicators on the state of their food resource, and 
are those that were most severely hit by the depletion of the plankton feeders (Vader 
et al., 1990; Anker-Nilssen, 1990). 

The Atlantic puffin is the most numerous seabird in the region and mainly feed their 
chicks on 0-group herring. After the collapse of the herring stock in the late 1960s, most 
of the puffin chicks starved to death due to lack of suitable food (Vader et al., 1990). 
These birds however are long-lived, and can withstand periods of herring recruitment 
failure. Due to the puffin's long period of immaturity poor young production leads to 
declines in the adult puffin stock only after several years. In a colony in the main 
breeding area (Lofoten), the annual decrease in the number of breeding pairs was 
estimated to be about 10-15% since 1979; this decline slowed in 1988-89 due to 
recruitment into the colony of chicks fledged in 1983. Puffins have thus experienced a 
long-term recruitment failure due to shortage of 0-group herring, whereas there is no 
sign of food problems for the adults (Vader et al., 1990). 

A large number of common guillemots bred also in the Lofoten area. This bird has 
also produced few and often underweight young ones in many years and a steady 
decrease of some 5% annually of the breeding population has been recorded (Barrett 
and Vader, 1984). Poor nesting success due to lack of 0-group herring may partly be 
responsible for this decrease. After 1985, breeding numbers of common guillemot 
decreased steeply, by some 70-90% in Northern Norway and on Bear Island respec- 
tively. These common guillemot relied on capelin outside the breeding season, and the 
sharp decline in stock numbers reflects the collapse of the capelin stock. In the winter 
1986-87 thousands of common guillemots washed ashore on the coast of Finnmark, 
probably starved to death by lack of suitable food. The shortage of food due to the 
collapse of the short-lived capelin stock however is of a much shorter duration than the 
depletion of the long-lived herring stock. This dramatic decline in common guillemot 
number has now eased, and a substantial increase in the stock of wintering birds was 
recorded in 1989 (Vader et al., 1990). 

Conclusions 

In conclusion, the evidence indicates that the herring is the key prey species at fish level 
of the food chain in the Norwegian Sea - Barents Sea ecosystem, and the cod is the 
dominant predator. The capelin has an opportunistic life pattern, whose prospects of 
survival are governed by the state of the stocks of young herring and cod. The abundance 
of immature herring determines the survival of 0-group capelin, whereas the abundance 
of cod and death after spawning, determine the mortality of older capelin. The dynamics 
of the system are governed by the inflow of Atlantic water, which determines distribu- 
tion, recruitment success and growth of the main species involved. Based on this 
knowledge, the following scenario for the events which led to the recent crisis in the 
Barents Sea's stocks and fisheries is suggested. 
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Towards the mid 1960s, relatively abundant stocks of herring and cod inhabited the 
Norwegian Sea - Barents Sea region. They were only moderately exploited, and the 
state of the stocks was determined more by natural fluctuations than by the fisheries. 
The Norwegian spring spawning herring and the North-East Arctic cod were the 
dominating stocks in the system, but the Barents Sea capelin was important as food for 
cod, especially when the herring had poor recruitment conditions. 

In the mid 1960s the exploitation of herring increased dramatically as a result of new 
technology in the purse seine fishery. Within a few years the adult herring stock was 
exhausted, and the fishing grounds of Western Norway, where herring used to spawn 
and their progeny fed, became depleted. This situation forced the fishermen of Western 
Norway to relocate their efforts largely to the capelin fishery in the Barents Sea. 

After a long period of cold climate in the 1950s, and heavy exploitation in the 1960s 
the stocks of herring and cod were much reduced in the 1970s. This favoured capelin 
survival. Outstanding capelin year classes were recruited in the early 1970s, and, despite 
large catches, the stock approached the maximum level the area could sustain. These 
year classes matured and spawned in 1976-77, and the stock biomass declined accord- 
ingly. The individual growth rate however was low (cold period), and at the end of the 
1970s the stock consisted of several age groups of immature, relatively small fish. 

A marked change to a warm climate took place in the late 1970s, and the individual 
growth rate of capelin rose to the highest level recorded. The biomass of the capelin 
stock increased accordingly, and a large part of the stock matured, spawned and died 
in the winter 1981. These processes reduced the stock in number substantially; the fishery 
had marginal effect on this development. In the period 1981-83 the immature stock was 
poor in number, but the growth in biomass was relatively high due to a high individual 
growth rate. From 1984 the stock suffered from recruitment failure due to the occurrence 
of the strong 1983 year class of herring, and the immature stock collapsed in 1986. 

When the climate changed in the early 1980s, the stocks of herring and cod were very 
much reduced, but the spawning stock of cod was large enough to produce strong year 
classes. The herring, which needs large parent stocks to produce abundant year classes, 
was sufficiently abundant to reduce the survival of the capelin larvae significantly, but 
was too small to take full advantage of the improved recruitment conditions. Given the 
lack of juvenile herring and a reduced stock of capelin, the rapidly growing cod stock 
grazed down all the other available food fishes in the area, including its own progeny. 
From 1986 onwards the cod suffered from starvation and turned to cannibalism, the 
Arctic seals invaded the Norwegian coast in search of food and the sea birds died in 
thousands. In the period 1986-1988, the fish-eating stocks were dramatically reduced, 
and the balance of the predator-prey relationship was thus restored. 

In later years the trend has changed. After a cold period in the mid 1980s, the climate 
changed in 1989 (Fig. 2). This coincided with a pronounced increase in the individual 
growth rate of capelin, as in the late 1970s, and the 1989 capelin year class is recorded 
as one of the largest on record (Fig. 9). This resulted in a rapid increase in the stock 
biomass. Since 1991 the stock has suffered from recruitment failure, probably due to an 
increasing stock of juvenile herring, and an abrupt fall in stock size has taken place. 

The development in the recruitment of herring and cod is similar to that observed in 
the early 1980s. The cod and herring year classes have increased in strength during the 
years 1989-92, whereas the 1993 year classes are less abundant than the previous ones. 
This coincides with corresponding changes in the climate (Fig. 2), and the present state 
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of climate and stocks is comparable to that in 1984-1985. The recent warm period seems 
to have terminated, and the prospects of herring recruitment in the coming years are 
poor. The juvenile stock of herring may therefore be dominated by the 1992 year class, 
which probably will leave the eastern part of the Barents Sea as 3 years old, i.e. in 1995, 
and thus improve the survival of capelin fry. Meanwhile the stock of young cod will 
become dependent on the herring as the main source of food. The stock of young cod 
is at present some 50% more abundant than the stock in 1985, whereas the juvenile 
herring is about 2.5 times more abundant than in 1985. The state of the herring stock 
however is still considered as overexploited (Fig. 5), and the question whether the 
present stock of juvenile herring in the Barents Sea is large enough to feed the predators 
and survive in sufficient numbers to rebuild the adult stock is difficult to predict. 
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