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ABSTRACT

The main spawning and fishing areas for the Norwegian spring spawning herring during the
last century and the first half of the present century were located south of 60°N. From the late
1940s changes in the migration patterns of the herring led to a northward shift in the location
of spawning activities, and by the heginning of the 1960s the spawning occurred only in areas'
located north of 62°N. Further in thc late 1960s this stock was depleted due to a large
increase in fishing effort on all life stages of the herring. At the start of the rebuilding period
the spawning occurred north of 62°N. However, in 1989, after an absence of 30 years, the
herring began spawning in the historically important areas south of 60°IN. A fishing ban was
introduced in these areas, and this paper evaluate this spawning habitat protection with regard
to a rebuilding of the stock and ecosystem development.
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FLUCTUATIONS IN STOCK SIZE AND MIGRATION PATTERN

Spawmnu of Norwegian spri
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regarded the grounds south of Bergen, parhculaﬂy the ones to the west and south of the island
of Karmgy, as the most significant in the 1930s and also in former periods of rich herring
fisheries. Between 70 and 80 % of the landings during the first 3 decades of this century came
from the southern grounds (Runnstrgm, 1941b; Rettingen, 1990). Spawning grounds off the
Mgre district were used regularly during this period, whereas grounds north of Mgre seemed

'to be used for few seasons only and were considered insignificant. The southern grounds were
also important in the late 1940s and onwards, but gradually the spawning moved more
northwards in the last years of the period 1946-1958 (Devold 1963). After 1959 the southern
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Corresponding with the northern shift in spawnin'g grounds there was a steadily increase in the
fishing effort of the stock, and by the late 1960s the spawning stock was depleted due to high
fishing pressure on all life stages of the herring (Dragesund et al. 1980). The geographical

J1 L1l gy AL

oIy 'nrnnrr l"11CfT‘1'I'\I1
DRG Ty Liilis WD UL AL

on of the dpn]pfpﬂ stock were Sn'm]m' ag n thp 1960s, However, the Innc

1
AWIRE AL Lian A LA S e A AN e I =]

range migrations of the herring ceased, and the entire life cycle was spent in Norwegian
coastal waters and fjords (Dragesund et al., 1980; Hamre, 1990; Rgttingen, 1990).

MANAGEMENT TOOLS IN THE REBUILDING OF THE STOCK

In the be mmng of the 1970s drastic management regulatlon was introduced in order to
rebuild the stock. A spawning stock level of 2.5 million tonnes was defined as a rebuilding
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In order to’ reach the 2.5 5 million level, two regulatwe elements were mtroduced
1) A maximum fishing morla]lty of F=0.05 _
2} M1mmum catch size 25 cm (1 e. apprommate the minimum length at first spawnmg)

In 1988 the strong 1983 year class recruited to the spawning stock. Although there were large' -
uncertainties in the abundance estimation, it was stock size was estimated to a level
approximately 2 million tonnes (ICES, 1988). In 1989 the herring rcappeared in the spawning
areas south of Bergen, afier an absence of 30 years (Rettingen, 1989). This was assumed tobe
a first sign of a changing migration pattern, eventuaily resuiting in a larger fraction at

traditional southern spawning grounds.

As an additional element in the rebuilding period, the southern grounds were in 1989 'Closad .
for fishing (Fig. 2). Not only the spawning areas had to be protected, but also the immigration -
and emigration routes to and from the spawning areas. Technically this was a complicated

time/area process due to the presence (i.e. wintering) of another herring stock in the same
‘areas, the autumn spawning North Sea herring stock. Thus, the fishery regulations regarding



Norwegian spring spawning herring had to be formulated in'a manner which minimised
inconveniences for the fishery of the autumn spawning hemng (Whlch was regulated by a EU-
Norwegian agreemenﬂ : : .

ARGUMENTATION FOR PROCTECTING THE SOUTHERN SPAWNING AREAS

As mention above the main management objective was the rebuilding of the spawning stock.
In what manner could a protection of these southern spawning areas assist in attaining this
aim? There are in fact several biological and historical aspects which emphasise the
importance of spawning at the southern grounds with respect to the recruitment of the stock.

From general biological points of view. a geographical extension of the spawning area would
be advantageous to the recruitment of the stock. First, a number of studies have emphasised.
“the importance ‘of dispersal in populations under high spatial and temporal environmental. :
variability (Gadgil; 1970; Roff, 1975; Kuno, 1981; Levin et al., 1984; Levin-and Cohen, 1991; -
Cohen 1993): Thus, by spreading the spawning products from north to south, the Norwegian

spring spawning herring overcomes the variations in environmental.conditions and increases . -
the overall recruitment to the stock (Dragesund, 1970).. '

Another benefit of extending the spawning area, could be a decreased density dependent
mortality of eggs and larvae. Recruitment has been related to stock density in herring by
several authors (Anthony and Fogarty, 1985; Stocker et al., 1985; Winters et al., 1986;
Winters and Wheeler, 1987). Development and survival of eggs are inversely correlated with
egg density in:herting (Taylor, 1971; Galkina, 1971, Hourston and Rosental, 1981), and .
reduced density:may also reduce competition: for food among larvae (Kigrboe et al., 1988).

In addition there are several as ycul.a uldn.-atlﬂg that larvae hatched at th uthern grou u
have a higher chance of surviving until the age of recruitiment. Slotte and Fiksen

(unpublished) have found that the southern larvae will drift northwards with the coastal
current in higher temperatures than larvae from more northern grounds (Fig. 3), which
ultlmately will enhance the survival (Fig. 4).

‘Larvae hatched at the southern grounds will be dispersed over a larger area, larger range of
environments, than larvae hatched further north. For instance, larvae hatched off Karmgy will
be spread northwards with the coastal current to nursery areas (in shore areas and fjords) along
the entire coast and in the Barents Sea, whereas larva hatched off Lofoten only have fjords in
northern Norway and ihe Barents Sea as nursery areas.

There is also an increasing probability southwards that larvae will-drift into coastal areas and
fjords, i.e. larva will stay at higher temperatures through the juvenile stage. Warmer water will
probably also increase the survival from metamorphosis until the stage of first maturation. In -
fact it has been suggested that temperaturc related effects are more important in the late larval

stages (Anthony. and Fogaﬂy, 1985; S1ssenw1ne et al., 1984). There are in fact several studies |
showing that herring originating from coastal nursery areas grow much faster than individuals -



in the Barents Sea, and as a result they recruit to the spawning stock 1-2 years earlier (Lea,
1929:a:and b; Ottestad, 1934; Runnstrgm, 1936, Holst, 1996). The really large year classes are
produced in the Barents Sea, while the nursery areas along the coast function as a buffer; i.e: +
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individuals originating from these areas predominate in vears with low recrnitment (Holst and
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Slotte, in press).

'Historical aspects |

Historical dataalso emphasise the importance of the southern grounds for the recruitment of .
the stock. Throughout centuries spawning in these southern areas has been associated witha =
high and relative stable spawning stock level. We do not know the actual size of the
spawning stock of Norwegian spring spawning herring in earlier historical times. However, -
we can indirectly make some assumptions on stock size from for instance the 1930s when

there was a large spawnmg actw;ty on the southern grounds. The total annual catch in that: -
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period was approximately 700 thousand tonnes. By looking at some age distribution of the
catches, it can be seen that for instance in 1934 and 1935 approximately 40-50% of the

herring were older that 10 years (Runnstrgm, 1941 b). With such a high proportion of old fish -
in the spawning stock the fishing mortality must have been low. If the fishing mortality was in
the order of F=0.1, this may indicates that spawning stock levels in the order of 5-10 million
tonnes. Jakobsson et.al. (1996) argue that the recruitment pattern of this stock may have:
changed. In the earlier part of this century the adult stock and especially the older part of the . .

adult stock consisted of a large number of year classes with relatwely 11ttle variation in
strength compared to the present period Thus the present recruitment pattern with a high
probability of reduced recruitment after one or two good year classes may be related with the i

northern Sl’llIt in spawmng area which took’ part around 1930.

Also'information -from earlier “herring periods™ indicate high spawning stocks when spawning .:
took place in the southern areas. For instance, an annual catch in the 1860 of 150 thousand . .-
tonnes taken in southern spawning areas by land seine and small gill nets indicate

considerable amounts of spawning herring in thege areas,

STOCK DEVELOPMENT SINCE 1989 - -

When the 1991 and 1992 year classes recruited in 1995-97, the spawning stock biomass
increased to approximately 9 million tonnes (ICES, 1998). At thistime the rebuilding aim of .. -
this stock was definitively reached, and the restrictions on the fishery has been eased -
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spawning producis at the souihern spawning grounds. According to acousiical esiimaies only a
minor fraction of the total stock has visited these areas since 1989 (Johannessen et al.; 1995)
(Table 1). However, the biomass at the southem grounds increased shghtly in 1997, only to -

'decrease in: 1998 : L SR . o

Herring were tagged annually at the southern grounds during the'period 1990-93, and tags
were recovered from catches of feeding herring in the Norwegian Sea, wintering herring in the :
Vestfjorden area, southward migrating and maturing herring and spent herring heading



northwards from the southerngrounds during the period: 1990-96 (Fig. 5). These tag recovery

data clearly show that the herring spawning at the southern grounds had a similar Imgranon
pattern as the rest of t_h_e stock in. mbqennent vears. o
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spawned for the first time, regardless whether they were born there (Hourston, 1982; Wheeler
and Winters, 1984). The tag recovery data from 1990-96 were not sufficiently supportive to
conclude that herring returned to the southern grounds. Only two tags were recovered from the
1983 vear class. In addition, three tags were recovered from herring catches in fjords to the -
south and north of the release sites at Karmgy. These tag recoveries may come from
specimens of local coastal or fjord herring populations. Furthermore, many recovered tags
were found in-maturing herring in February off Mgre or farther north, and it is 1mposs1ble to
conclude whether these individuals would continue migration farther south.

Slotte and Fiksen (unpublished) discussed the possibility of homing in this stock and
suggested that a potential homing tendency towards specific spawning grounds is limited by
the state of the fish (size, condition), i.e. an individual do not home to a particular spawning
ground if this decreases the probability of survival until next spawning, or more specific
decreases it’s future fitness. The southward spawning migration from the wintering is
particularly energy demanding (Slotte, 1996), and constraints on the energy storage may
inhibit individuals to migrate the long distance of up to 1500 km to the southernmost grounds. -

Slotte and Johannessen (1997 a) have shown that the smallest herring .and the hemng in bad
condition (low energy storage) tend to spawn closer to the wintering area.

Thus, the low biomass at the southern grounds during the period 1989-98; could be a
releflection of low horming rates and low condition in the stock. In fact the spawning .
distribution has instead tended to distribute more northwards to the areas Halten, Sklinna, ©
Trzna and Lofoten. In 1998 more than half of the spawning population was distributed to the .
north of Mgre (Slotte and Dommasnes, 1998). Another pmnt is that the fishery is size specific.

and tend to catch the largest fish mieratine fastest and arrivine the Mare area f'_rsi_‘ ( Slotte and

Johannessen, 1997 b).
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NEW ASPECTS OF THE HABITAT PROTECTION:

In 1998 the southern grounds were reopened for a very hrruted herring ﬁshery The allowed
quota in this area was only 5% of the total Norwegian quota of Norwegian spring spawning
herring. Thus, these Spawniug areas still have a status as protected areas. However, the
arguments behind the proteciion have shified from the original within Lhe realm of the
rebuilding aim, to a more diversified ecosystem view.

Firstly, the argument of keeping a large geographical extension of the spawning area to
enhance recruitment is still valid. If the entire Norwegian quota on the herring (741 thousand
tonnes in 1998) was allowed to be fished on the southern area this would probably decrease
{or bring to a total halt) the spawning in the area. This would be regarded as undesirable for
the recruitment process.
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Secondly, ecosystem viewpoints have come into consideration. There has been carried out-
systematic investigations on the wood web system of these southern spawning areas

- (Hefines et al., 1995). These show that during most of the vear there is rather short food chains
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herring eggs, both piscivores with-a planktonic orientation an the benthivores responded by SRR
diet shifts. The fish community was. able to take advantage of the short term abundance of a:
food source not produced locally but brought to the area by the immigrating herring spawners.-
A southern expansion of the herring spawning area is potentially beneficial to the coastal -
communities since:the nutritional input caused by the herring may be significant. It can also be :
observed that the catch of gadoid species within these spawning areas have tended to increase . -
in later years. Thus, a protection of the herring spawning will contribute to the strengthening -

of the ecosystem of the area. This in turn will result in a strengthening of the gadoid stocks on:
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CON CLUSIONS S

The southern spawning area for herring was 0r1g1na]1v made a protected area in- nrder to he] Ip -
the rebuildirig process of the Norwegian spring spawning herring stock. This stock was later.
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rebuild, probably without the “help” of these southern areas. Further a significant southem
“shift in spawning areas have not been observed. o

However, a protection of the areas is still-valid, but now the emphasis has shifted towardsa .-~
more ecological approach. This is consistent with principles of modern fisheries managemerit..
In the “Statement of Conclusions® from the Intermediate Ministerial Meeting on the :
Integration of Fisheries and Environmental Issues, Bergen 13.3 - 14.3 1997, it is stated under .~
“Guiding principles” that the management of North Sea fisheries should be gulded by .

'Fn"n“nnn' ﬂf‘1ﬂf‘1ﬁ‘nﬂﬂ
ng principles
‘...-ihe ideniification of processes in, and influences on, ihe ecosysiems which are crtiical for . .
maintaining their characteristic structure and functioning, productivity and biological
diversity;

-taking into account the interaction among the different components in the food-webs of the .
ecosystems ( multi-snecies am)roach) and other imnortant ecosystern interactions;. L

By and large these- pr1n01p1es have been followed by the Norweglan ﬁshenes management :
authorities when they gave the southern spawmng areas a protected status by strongly lnmtmg

l.llC ubucly Ull .L\lUI Wt:gld.il bpi‘mg bpawmug llt'rlll[lg 111 Llld.l. argd. AIJ.U., as UCbL-LlUCU. dUUVE, tllC s
ApI‘ESCIl[ rationaie behind this ae0131_0n is two foid:: o

1 Strengthenmg recrmtment to the stock of Norweglan spring spawning hernng

2) Strengthenmg the total ecosvstem in'the southern spawning area and bv this the local
fishery of eadoid qnemeq
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Fig 2. Area regulations for the fishery of Norwegian spring spawning herring in spring 1989.
1) Protected areas. 2)Areas opened for fishery of Norwegian spring spawning herring.
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Fig. 3. Temperature tralectones given a basic drift speed of 12.5 kmfday, for larvae hatched at
four different spawnmg grounds (Slotte-and Fiksen, unpublished).
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‘Fig. 5. Results from tagging experiments at southern spawning grounds in the years 1990-93.

Open svmbols denote the position and date of release, whereas hatched symbols denoteq"
position and date/maturity stage/age * number of individuals of the herring tag recoveries.
Numbers of herring tagged are given in the upper part of each panel.



Table 1. Estimates of biomass (in tonnes) of Norwegian spring spawning herrring at Karmgy
and Egersund/Siragrunnen in 1990-1998 compared with total spawning stock biomass (SSB).
Data of SSB (in thousand tonnes) is taken from VPA-runs, the SSB in 1998 is predicted

(ICES, 1998).

Year Period Vessel Biomass SSB
1990 early March RV "Eldjarn" 32.255 3.994
1991 5-8 March RV "Hakon Mosby"” 12.200 4.158
14-18 March RV "Hakon Mosby" 3.100
24 March RV "Hakon Mosby™ 0.920
1992 15-17 March RV "Hikon Mosby" 20.000 4.004
19-21 March RV "Hakon Mosby" 20.000
1693 26 February - ! March RV "G.M. Dannevig" 4,620 3.864
4-6 March RV "Hékon Mosby™ 4.830
6-8 March RV "Hakon Mosby" 2.260
8-10 March RV "Hakon Mosby" 16.350
10-12 March RV "Hakon Mosby" 2.040
27-30 March RV "Hékon Mosby" 4,740
31 March - 2 April RV "Hakon Mosby" 5.150
4-5 April RY "Hakon Mosby" 3.810
1994 19-28 March RV "Hakon Mosby" 2.000 4507
1993 23.321 March RV "Hikon Mosby" 11.000 4.899
199¢ 9.10 March RY "Michael Sars” 17.000 5.538
1997 15-18 March RV "Michael Sars” 215.000 10.149
1998 13-23 March BV "Michasl Sars" 80.000 5.836







