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INTRODUCTION 

Short and long term variations in abundance of recruits in the Nor- 
wegian spring spawning stock of herring (subsequently referred to as 
Norwegian herring) have beell described by several authors (HJORT 1914, 
LEA 1930, DEVOLD 1963, MARTI and FEDOROV 1963). MARTI (1959) com- 
pared the relative strengths of poor and rich year-classes of herring in 
different arcas. For Baltic herring lie found a ratio of 112-113, for North 
Sea herring, 118-1 110 and for Atlanto-Scandian herring, to which the 
Norwegian herring belong, 1/25-1130. LEA (1930) estirnatcd tlie ratio 
between poor and rich year-classes (with reference to the rich 1904 year- 
class) in the Norwegian herring stock to be about 1/94. ~ S T V E D T  (1963) 
foulld a ratio of 1/15 for the 1949-1950 year-classes. Thus year-class 
fluctuations are more pronounced for Norwegian herring than for many 
other herring stocks in the Northeast AtIantic. Also the time interval 
between the appearance of rich year-classes can be relatively long, in 
some periods even more than ten years (LEA 1930, MARTI and FEDOROV 
1963). 

The variation in year-class strength in marine fishes is a general 
phenomenon. The causes of the variation are not known, but the current 
hypotheses concentrate on possible variability of parental factors (MARTI 
1959, BRIDGER 1960, 1961, CUSI-IING and BRIDGER 1964, CUSHIKG 1968) 
and of pliysical and biological coilditions in the sea shortly after hatching 
(HJORT 1914, 1926, ROLLEFSEN 1930, LEA 1930, WALFORD 1938, 1946, 
SETTE 1943, CARRUTHERS et nl. 195 1, TIVIBORG 195 7). A markecl relation- 
ship between the n ~ ~ m b e r  of eggs produced (the spawning potential of the 
parent stock) and the number of subsecluent recruits is derno~zstrated for 
some species of fish with low fecundity, e.g. spurclog (Sgualus acnizthias 
Lilini.) (HOLDEN 1968). Similarly an illclication of such a relatioilship is 
found in some relatively small stocks of Pacific herrillg (Clzlpea pallnsii 
Valenciennes) in British Columbia (TAYLOR 1963) and in the Downs stock 



of herring in tlie North Sea (BURD and HOLFORD 1968), but 110 trend of 
decreasing recruitment with decreasing spawning stock has as yet heen 
demonstrated for the other major stocks of herring in the North Sea (the 
Buchali and the Bank stocks) and in the Norwegian Sea (tlie Norwegian 
lierring). However, within tlie range of populatioli sizes for which data 
have been available for these stocks, a relationship between tlie spawning 
potential of tlie parent stock and tlie subsequent year-class strength is 
difficult to trace due to the variations in the normally high natural - 
mortality rate of the very young stages. I\/Iost of the newly hatched larvae 
die, and sliglit changes in tlie mortality rate in the young stages will tliere- 
fore result in pronounced variations in year-class strength. 

Little is known about the causes of the natural mortality rate of the 
young stages of fish and wliether or not there exist periods wlieli the 
mortality rate is exceptionally high. HJORT (1 9 14, 1926) expounded tlie 
concept of a critical period at the end of the yolk sac stage when the larvae 
begin feeding. Experiments carried out on lierring (SOLEIM 1942) indicated 
that a critical period existed at  this stage. Thus the natural conditions 
during the early stages of the life might determine tlie abundance of 
herring entering the exploited stock and the variations in spawning 
potential and its influence on subsequent year-class strength might be of 
minor importance when the size of the spawning stock is above a certain 
level. 

In  view of the serious decline in the yield of adult Norwegian herring 
during the late 1950s and early 1960s the Herring Committee of the Inter- 
national Council for tlie Exploration of the Sea (ICES) recommended 
that special attention should be given to the recruitment problem in this 
stock (PARRISH 1963). At the Institute of Marine Research, Bergen, 
investigations of the variation in size of tlie spawning stock, tlie location 
and time of spawning, the identification of possible critical stages during 
tlie early larval development and the larval drift have been emphasized. 
During the same period extensive investigations were conducted to 
register the distribution, migration, abundance and mortality of young 
and adolescent herring. The results of the latter investigations are pre- 
sented in a separate paper (DRAGESUND 1970) while this account is 
confined to : 

1) spawning characteristics, i.e. the structure and size of tlie spawn- 
ing stock and the location and time of spawning; 

2) larval studies during the first month after hatching. 

The discussion is centred on year-class fluctuations in relation to 
spawning characteristics and to environmental conditions during the egg 
stage and early larval development. 



M A T E R I A L  A N D  METHODS 

The major part of the material is related to the 1959-1965 year- 
classes, and the data are mainly obtained from: 

1) samples of herring collected during the Norwegiali winter llerriilg 
fisheries in 1959-1 968 ; 

2) tagging experiments carricd out in 1952-1964; 
3) samples of herring larvae collected in 1959-1965 and in 1968; 
4) larval drift experiments; 
5) official fishery statistics and meteorological annals. 

When it is of importance to extencl the information to other year- 
classes, data from the literature and unpublished data from the records ol 
the Institute of Marine Research, Eergen, arc used. 

The statistical metliods applicd are those given in text books of 
statistical analysis (SNEDECOR 1956, GODSKE 1966). Gcographical names 
or area code numbers used in the text arc sho~vn in Fig. 1. The hydro- 
graphical data are froin the records of the Institute of h;larine Research, 
Bergen. 

ADULT HERRING 

Samples of adult herring, each usually consisting of 100 specimcas, 
were collected from commercial catches several times each week during 
the Norwegian winter herring fishery. Fresli or icecl material was brought 
to the laboratory for examination. Until January 1963 lengths were 
measured to the nearest half cni and after this date to the half cm below 
as recommelided by ICES (ANON. 1963). To make the data coinparable 
a correctioli factor of 0.25 cm 11as been added to the mean lengths of 
herring in samples collected after January 1963. Ages were determined 
from scale readings. The weight in g was recorded, and the maturity 
stages were classified according to the scale recommended by ICES 
(ANON. 1963). This maturity scale comprises eight stages including six 
which describe the sexual cycle of adult fish, i.e. stages 111-VIII. The 
stages V-VII represent tIie pre-spawning, the spawning and the spent 
phases, respectively. 

Stage V. Gonads fill body cavity. Eggs large, round, some are trans- 
parent. Ovaries yellowish, testes milk white. Sperm does 
not flow, but can be extruded by pressure. 

Stage VI.  Eggs transparent. Testes white. Eggs and sperm flow 
freely. 



Fig. 1. hTarnes and code llulnbers of areas mentioned in the text, and general bathy- 
metric features of the coastal banks (depths in ni). 



Stage VII. Gonads baggy, bloodshot. The ovaries empty or contain- 
ing only a few residual eggs. Testes may contain remains 
of sperm. 

The biological data dealt with are from annual reports published by 
~ S T V E D T  (1961, 1962, 1965, 1966), DEVOLD and ~ S T V E D T  (1963, 1964) 
a i d  DRAGE~UND (1967, 1968a, 19681~) and from unpublished records 
available at  the Institute of Marine Research, Bergen. Statistical informa- 
tion on the Norwegian landings was obtained from annual reports on the 
Norwegian herring fisheries (ANON, 1960-1 966a). The metllod used to 
estimate the adult stock size has beell describecl by DRAGESUND and 
JAKOBSSON (1963), where estimates for the period 1952-1959 are also given. 
For the years 1964 and 1965 unpublished data are available at the 
Institute of Marine Research, Bergen, and the Fisheries Research Institute, 
Reykjavik. 

LARTGL HERRING 

'Tl~e larvae were collected on surveys coveriilg the Norwegian coastal 
banks from Stad to Lofoten (WIBORG 1960, 1961, 1962a, 1962b, DRAGE- 
SUND and WIBORG 1963, DRAGESUND 1965, DRAGESUND and HOGNESTAD 
1966). The area was usually surveyed twice and the sampling was carried 
out from south to north and south again wit11 one research vessel. Oblique 
hauls were taken with Clarke-Buinpus plankton samplers (CBPS) with a 
tube aperture of 13 cm diameter (CLARKE and BUMPUS 1950). The length 
of the nylon or silk nets used was 60 cm with a mesh size of 0.50 mm. The 
CBPS were equipped with flowmeters and two san~plers were towed simul- 
taneously at different depths and raised in 5 111 steps. The sampling deptlis 
were 25-5 m, 50-30 m, and occasionally 75-55 m. The total towing time 
was 20 minutes. A weight of 28 kg was attached at  the end of the 4 mm 
thick wire, wI-ticl-1 was kept as close as possible to an ai~gle of 50" from the 
surface by keeping the towing speed betwerrl 1.5 and 2.0 knots. 

Because of difficulties in operating the closing mecllailism of the 
CBPS in bad weather, this was permanently kept in an open position. T h r  
bias caused by this is considered to he of little importance, except when 
larval density in the uppermost depth interval is high compared with the 
depth intervals below. 

I n  1959 sampling wit11 CBPS was carried out during a relatively late 
period (20-28 April) in the second part of the survey only. However, 
larvae were collected during the entire 1959 survey ill vertical hauls from 
the bottom to the surface with a 1 m diameter Nailsen net (NANSEN 1915). 
Sampling with Isaacs-Kidd three-foot midwater trawl (II<MT) (AROS 
1962) was made at selected stations during the 1964 survey. 
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The larvae were preserved in diluted formalin containing 4% formal- 
dehyde. At the laboratory thcy were counted and measured to the nearest 
mm below and classifiecl as larvae with or without yolk sac. According to 
BI.AXTER (1968) herring larvae shrink about 12% in length in a fixative 
of the type used. The shrinkage of the larvae was not taken into account 
when working out the length distributions, but since the larvae were 
preserved and measured in the same way each year the length distribu- 
tions are assumed to be comparable from year to year. 

To facilitate comparison lsetwcen stations and from year to year, the 
number of larvae colIected with CBPS was converted to rlunibers below 
1 m 2  of surface by multiplying the original numbers for each station with 
the sampling interval and tllcn dividing by the water volume filtered. For 
analysis of 1-ertical clistribution the number of larvae per 1 m3 water was 
calculated. The numbcr of larvae collected with the Na~isen net was 
con\ crtcd to numbers below 1 m z  of surface by dividing the numl~er of 
larrzc caught by the area (in m2) of the net aperture. The abundance 
rsiimatcs obtained by CBPS and Nansen net are not comparable. 

LARVAL DRIFT 

Frcely floating drogues were used at se\eral localities in 1964 and 
1965 in order to study the drifting velocity of larvae. The drogue was 
made of two iron sheets having tlie dimensions of 0.2 x 100 ~ 1 0 0  cm and 
fixed at right angles to each other. The drogue was suspended by a 1 .G mm 
thick nylon line from a plastic float to which a pole was attached. The 
pole was equipped with a light on the top, about 2 ni above the surface. 
The positions ol the drogues were determi~lecl by Lorail and radar. In  
addition the larval drift pattern was deduced from wind obserl ations and 
drift bottle experiments. 

The wind data are from the meteorological stations Ona (N 62" 54', 
E 06" 30.5'), Nordayaiie (N 64" 48', E 10" 33') and Skonivar (N 67" 25', 
E 11 " 53') as reported in Norsk Meteorologiskih-bok (ANON. 1960-1966b). 
Wind forces are given in Beaufort units and ~vincl  directions in twelve 
sectors, each covering 30". The wind observations were transforr-rled into 
monthly wind vectors. These were obtained by multiplying for each 
direction and month the mean wilicl force wit11 the frequencies of observa- 
tions of wind in the particular direction and thereafter the resultant 
vector was coilstructecl from those established for each direction. 

In 1961, 1963, 1964 ancl 1965 drift bottles were released in larval 
patches at  various places along the coast. The bottles had an inner 
voluine of 350 ml and weig11ed 530 g. A letter irside each bottle requested 
t l ~ e  finder to report tlie date ancl place of recovery. 



EIrALUATION OF FACTORS AFFECTING LARVAL ABUNDANCE ESTIMATES 

Several methods have been employed to estimate the annual abun- 
dance of planktonic fish eggs and larvae (e.g. BUCHANAN-WOLLASTON 1926, 
SETTE and AHLSTROM 1948, TAFT 1960, SAVILLE 1963). ENGLISH (1963) 
analysed some common procedures of estimating annual abundance of 
planktonic fish eggs. The data used were treated by analysis of variance 
and he concluded that the major source of variability in estimates of 
annual egg abundance is the time effect. This is mainly due to the un- 
known fluctuations in time and location of maximum egg abundance. 
The number of stations was less important and duplications (paired hauls) 
were least important. 

Reliable estimates of annual abundance of larvae are more difficult 
to obtain than for planktonic eggs, especially because of net avoidance and 
variation in diurnal behaviour of the larvae. In  the present work, there- 
fore, no attempt will be made to estimate the total abundance of herring 
larvae at  hatching or at subsequent stages. The low number of surveys 
(usually two per season) and the long distance between stations (about 
ten nautical miles) do not allow for such estimates. Moreover, the sam- 
pling time was not always the same relative to the time of spawning. The 
numerical values obtained, therefore, are used only to show trends in the 
geographical distribution and to give some estimates of larval abundance 
at selected sections. The distribution charts were made by plotting the 
figures for each station and drawing isolines of abundance. 

The haul-to-haul variation in oblique hauls with CBPS was investi- 
gated at some stations during the 1964 survey by comparing the number 
of larvae caught: 

1) at the same station in two subseque~lt hauls (Table I )  ; 
2) in two samplers attached above each otl~er, 1 m apart (Table 11). 

An analysis of variance was applied to these data using a log-transforma- 
tion, log (x+k), where x is the number of larvae below 1 m 2  of surface 
and k= 1 (CASSIE 1968). The calculations (Tables 1 and 2) show that 

Table 1. Analysis of variance of the data in TabIe I. 

Sums of Degrees of Variance of Value of PI-oba- 
Source of variation / squares 1 freedom estimate / F 1 biiity 

I 

Total 1 8.517 3 1 

Between series of haul 
Between hauls 
" Residual " 

0.036 1 0.036 
7.675 15 0.512 
0.806 15 0.054 0.667 > 0.05 



Table 2. Analysis of variance of the data in Table 11. 

Sums of Degrees of Variance of 
Source of variation / squares 1 freedom 1 estimate bility 

there was 110 significant difference (P > 0.05) in numbers between series 
of hauls or between catclies from approximately the same depth. The 
results from this analysis indicated that the larvae were evenly distributed 
within the relatively small area sampled. The error caused by tlie varia- 
bility in catch of replicate hauls in the same body of water is therefore 
assumed to be relatively small compared wit11 that introduced by taking 
a sample over a small area as being representative of a much larger area. 

Knowledge of tlie avoidalice of sampling devices by planktoliic orga- 
nisms (including fish larvae) has been reviewed by CLUTTER and ANRAKU 
(1968). Even if the results are contradictory the accumulated data indicate 
that avoidance occurs. They reported that the catching efficiency increases 
with increasing speed of tlie net, and that larger fish larvae avoid nets 
towed at  low speed to a greater extent than do tlie smaller larvae. I t  is 
assumed, therefore, that CBPS being towed at  1.5-2.0 knots will catch 
the fish larvae less efficiently than will high speed samplers, e.g. tlie Gulf 
111 (GEHRINGER 1952). 

I n  order to evaluate the effect of avoidance by herring larvae for 
CBPS, comparisons were made of the length distributions of larvae caught 
with I K M T  and CBPS. Moreover, coniparisons were made of the length 
distributions in catches taken lsy CBPS around subsurface drogues at 
niglit and during the day. The I K M T  generally caught larger larvae than 
the CBPS (Table 3). However, no significant difference in mean le~igth 
was found for the smallest larvae. Larger larvae were caught at night at 
drift stations 2 and 5 (off Sklilina and Froya), whereas at  drift station 4 
(off Eggum) they occurred in the samples during tlie daytime (Table 4). 

The diurnal variation in catclies was analysed by sampling larvae at  
different depth layers around subsurface drogues every second hour 
during a 24-hour period at  the three mentioned drift stations (Table 111). 
At station 2 (off Sklinna) tlie number of larvae caught at  niglit was 
significantly higher than a t  daytime (P < 0.05), whereas at stations 4 and 
5 (off Eggum and Froya) no significant difference was found (Table 5). 

Although the results are somewliat ambiguous it is assumed that the 
net avoidance will affect both length distributions and abundance esti- 

Between series of haul 
Between hauls 
"Residual" 

0.004 1 0.004 
17.47 1 20 0.874 
0.628 20 0.031 0.129 >0.05 

Total 1 18.103 41 



Table 3. Comparison between mean lengths (1) of larvae caught with IKMT and CBPS during the 1964 survey. 

Value of 

Date deviation 

Off Halten 16.4 1724-1910 lKMT 25-5 7 
CBPS 25-5 7 

Off Slrlinna 18-19.4 1920-1540 IKMT 50-30 113 
CBPS 50-30 16 

Off Eggum 28-29.4 1455-0910 IKMT 50-30 84 
CBPS 50-30 334 

Off Trzna 1.5 0145 lKMT 50-30 159 
0 105 CBPS 50-30 2 7 

0558-0820 IKMT 50-30 90 
0524-0741 CBPS 50-30 16 

Off Skliiina 2.5 0227 IKMT 50-30 42 
0150 CBPS 50-30 30 

Off Halten 3.5 0228 IKM'I' 50-30 63 
0150 CBPS 50-30 5 
1047 IKMT 50-30 23 
1055 CBPS 50-30 3 

Off Grip 4.5 0543 IKMT 50-30 1 

0343 CBPS 50-30 4 



Table 4. Comparison between mean lengths (1) of larvae caught by night and by day in oblique 
hauls from 50 to 5 m with CBPS at three drift stations. 

2 1964 18-19.4 Night 244 16.1 1.95 
94 15.6 

1.983 <0.05 
Day 2.37 

Drift 
station 1 Date 

no. I 

4 1964 28-29.4 Night 505 12.0 1.54 
Day 1275 12.2 

2.494 <0.05 
1.52 

5 1965 9-10.4 Night 1.49 
5.359 <0.05 

Dav 1.18 

I 

Time 

mates, especially when the larvae are longer than 15 mm. However, since 
there was no clear diurnal variation in the catches, it was not considered 
necessary to apply any co~lvcrsioil factor to make catches comparable to 
those taken by night. 

During the 1959 and 1960 surveys sampling with CBPS was carried 
out oilly from 25 to 5 m, ancl to make the catches coniparable wit11 the 
following years a conversion factor was estinlated ancl used to compensate 
for the lack of sampling in 50-30 m. The number of larvae caught at  each 
station during the 1959 and 1960 surveys at  depths of 25-5 m was multi- 
plied by a factor of 1.7, which is the ratio between the number of larvae 

Table 5. Analysis of variance of the data in Table 111. The calculations were made on the log 
(x+ 1) transformation. 

Probability 
N o  of 1 in I Standard 
larvae I 1 deviation 

Drift 
station 

no. 

of 
St~~dent 's  

t 

of ' Degrees ' Variance ' Value 
Source of variation 1 sqLlares 1 of 1 of 1 $ IProbability 

freedom estimate 

Between day and night 
Within day and night 

Total 

Between day and night 
Within day ar,d night 

Total 

Between day and night 
Within day and night 

Total 

I 

1.468 I 1.468 
1.570 11 0.143 10.290 <0.05 

3.038 12 

0.015 1 0.015 
0.192 11 0.017 0.882 ,> 0.05 

0.207 12 

0.284 1 0.284 
0.851 10 0.085 3.341 > 0.05 

1.135 11 



caught at  50-5 m and 25-5 m, respectively, during the cruises in 1961- 
1965. Larvae also occur below 50 m and the larval abundance is, there- 
fore, underestimated by the present sampling procedure. However, 
samples are scarce from depths below 50 m, ancl no attempt has been 
made to compensate for this unclercstimate. 

S P A W N I N G  C H A R A C T E R I S T I C S  

During the period 1959-1962 the spawning stock had only one com- 
ponent which migrated towards the coast off M ~ r e  (area 07) from the 
usual wintering area east of Iceland (DEVOLD 1963). The major part of 
the stock again approached the coast from this wintering area in 1963- 
1965, but a second component migrated towards the Lofoten region (area 
05) from another wintering area, located off the coast between TorsvAg 
and North Cape (DEVOLD 1968). The herring arrived off M ~ r e  at the end 
of January ancl during February. The other component reached the 
Lofoten spawning grounds three to four weeks later, except in 1965. 

In  1959-1963 the rich 1950 year-class dominated in the spawning 
stock off Mare (Table 6). In 1963 the age structure of the stock changed 
as recruit spawners from the 1959 year-class appeared in the catches. I n  
1964 and 1965 this year-class dominated in the spawning stock both off 
M ~ r e  (area 07) and at Lofoten (area 05), but herring of the 1960 and the 
1961 year-classes were also present 011 the spawning grounds. In  1965 
these three year-classes made up 8 0 4 5 %  of the total catches off 1vfm-e. 
The spawning stock at Lofoten consisted almost entirely of the 1959-1961 
yeas-classes. 

111 1959 recruit spawners coilstituted 11.7% of the herring caught off 
hlme and 21.30//, of those caught between Bokn and Stolmen (Table 7). 
During the seasons in 1960-1963 the percentage of recruit spawners was 
considerably lower, except in 1963 at  Lofoten where only recruit spawners 
were recorded. In  1964 and 1965 recruit spawners made up 34.4% and 
35.9% respectively of the herring off Morc with the corresponding 
percentages for the Lofoten region being 93.7:1~ and 76.4%. 

Estimates of the alxolute size of the spawning stock based on tagging 
experiments are available for the years 1952-1959 and 1964-1965 
(DRAGESUND and JAKOBSSON 1963, ANON. 1969). Estimates obtained from 
combined acoustic surveys and underwater photography c-xperiments for 
the ycars 1959 and 1962-1965 are also available (FEDOROV, TRUSKANOV 
and YUDANOV 1963, ANOS. 1969). The results are illustrated in Fig. 2. 
The average figures arc given for years when both methods have been 
used. 



Sable 6. Age composition (in %) of Norwegian herring caught with purse seinc during the spawning seasons in 1959-1968. 

I I I 

Year 1 Area 1 Total 
no. 
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Year 

816 21.3 78.7 

1959 
q8 gokn-Stolmen 11.7 88.3 

07 Stad-Fray" 1761 
3.9 96.1 1959 

1960 
07 Stad-Fray5 1 .0 99.0 
07 Stad-Fray" 0.5 99.5 1961 
07 ~ t a d - F ~ o y a  2842 

1962 5.2 94.8 
stad-Fray" 100.0 A 

1963 07 
05 off Lofoten 434 

1963 34.4 65.6 
07 Ona-Fray" 2097 

93.7 6.3 
1964 05 off Lofoten 1176 

35.9 64.1 1964 
07 ona-Grip 1270 

96 87.5 12.5 1965 
06 off Halten 76.4 23.6 

1965 
05 Off Lofoten 

643 

1952-1956. From 
20.0 million 

In the following three years "le 

illion tons m 

~ i ~ ,  2, Variation in, (1) parent 
stod; size of Norwegian hefling 
dL,sng the spawning seasolXs in 
1952-1965 a d  @) number 

eggs sp awned (spawning poten- 
tial) 



due to recruitmelit from tlie rich 1959 year-class. The estimates for 
1963-1965 do not include the component spawning off Lofoten, and the 
total spawning stock in these ycars, therefore, is underestimated. Abun- 
dance indices obtained from data on catch pel unit effort (BSTVEDT 1963) 
indicated that the estimate of the stock size for 1952 is too high. Tlie 
figures for the period 1953-1959 follow the same trend as the abu~lclance 
indices given by BSTVEDT. 

Tlie spawning potential of the stock is positively correlated to the size 
of the stock. However, fecunclity (the number of eggs in tl-re gonads of 
individual fish) increases wit11 length ancl weight of tlie fish, aud thus the 
spawning potential of the stork is a function both of the number and the 
length distribution of fish. In  orcler to analyse the year by year variations 
of the spaw~ling potential, the stock size in tons in the different years were 
converted to numbers of fish by length. Length and weigl-rt data of herring 
collected from purse seine catches were used to give stock estimates in 
tons for the different length groups. The estimated stock sizes in weight 
by length were then divided by tlie correspoiidirig mean weight of herring 
in eacli length group. The sex ratio of spawning Norwegian herring is 
approximately 1 : 1 (DRAGESUND unp~blished). With data 0 x 1  fecundity 
by length (PARRISH and SAVILLE 1965), tlie number of eggs deposited 
each year, therefore, could be calculated (Fig. 2). The variations in the 
spawning potelitial follow the same trencl as that of the stock estimates 
in tons. However, in years when young individuals dominated in the 
spawning stock, as in 1954-1956 ( ~ S T V E D T  1963) and in 1964-1965, the 
spawning potential was relatively low conlpared to years wl~eii tlie stock 
consisted of old individuals, as in 1962-1963. 

The following characteristic features concerning the structure and size 
of tlie spawning stock during the period 1959-1965 can be listed: 

1)  the mean age of the stock increased from 1959 to 1963 wit11 tlie 
1950 year -class predominating ; 

2) tlie 1959 year-class dominated in the stock in 1964 and 1965 and 
the percentage of recruit spawners was highest tliese years; 

3) the stock size had its lowest values in 1961-1963 and its highest 
in 1965; 

4) the stock size was 011 a considerably lower level in 1959-1965 
than in the mid 1950s. 

LOC'A TION AND TIME OF SPA IYNIiVG 

The spawning grounds were located by studying the geographical 
distribution of catches of spawning and spent herring and by surveying 
the coastal banks for newly hatched larvae. Herring remain 011 the same 



grounds from just before spawning until they gradually migrate from the 
coastal banks. Tlic distribution of catches during the spawning season, 
therefore, will give illformation on the location of spawning (Fig. 3). The 
occurrence of larvae with yolk sac indicates that spawning must have 
taken place not very Ear from the locality of capture. The distribution of 
yolk sac larvae coincided fairly well with tlie distribution of catclies of 
spawning and spent lierring (Fig. 3). However, in some years tlie larvae 
were found distributed slightly to the west and ilorth of the herring 
catches. This could be expected since tlie yolk sac stage lasts for some days, 
about ten days at 8OC (BLAXTER ancl HEMPEL 1963), and a dispersioll 
from tlie spawning grounds evidently takes place duri~zg this time. I n  
1964 the survey was made late in relation to tlie main spawning season, 
and therefore only few yolk sac larvae were found in areas 07 and 06 that 
year. 

Altlio~~gh tlie data are insufficient for a precise determiiration of tlie 
spawning grounds, it can be concluded that spawnilig was concentrated 
witliin four follotving areas : 

1) area 08, between Boklz and Stofmen; 
2) area 07, between Kinn ancl F r q a ;  
3) area 06, between Halteiz and Sklinna; 
4) area 05, off the Lofoteiz Islands. 

During the period 1959-1965 the most importaizt spawning took place 
in area 07. I n  1959-1962 the majority of the herring in this area tended 
to concelztrate somewhat farther south (between Stad and Ona) than in 
1963-1965, when the centre of spawning was located between Ona and 
Grip, Spawning in area 08 was negligible except in 1959 when spawning 
was observed at certain places along tlie coast as far south as Bokn. The 
spawning between Halten and Sklinna (area 06) occurred regularly and 
did not siiow any change in location. Mass spawning off the Lofoteiz 
Islands (area 05) was not recorded during the period 1959-1962. How- 
ever, a few yolk sac larvae caught in this region in 1960 suggest spawning 
there that year. From 1963 to 1965 herring spawned regularly at Lofoten. 

The distribution of relative catclies of spawning and spent herring 
presumably give the best illdicatioll of tlie geograplzicai distribution of 
the spawning area. I n  Tal~le  8 the number of rectangles shown in Fig. 3 
in which spawning and spent herring were caught, is listed. For 1960 and 
1961, within area 06, the distril~ution of yolk sac larvae was used. The 
spawning was restricted to grounds with sandy or rocky bottom, and not 
all the grounds within tlie rectangles sliowii in Fig. 3 constitute localities 
for spawning. Within the two southern spawning areas (08 and 07) a 
restriction in tile geographical distribution of the catches were found from 





1959 to 1965, accompanied with an increase in the extension within area 
05 from 1963 to 1965. The extension of the spawning area seemed to 
decrease with the size of the spa~vning stock, being most restricted in 1961 
and 1962. 

Table 8. Extension of spawning area indicated by number of rectangles shown in Fig. 3 
in which spawning and spent herring were caught in 1959-1965. 

I Spawning year " ,  
Area / 1959 1960 1961 1962 1963 1964 1965 

Even in the same locality groups of herring which keep together will 
spawn a t  slightly different times. The time of the main spawning is 
estimated from the composition of the various maturity stages of herring 
in samples collected just prior to and during the spawning season. The 
duration of the spawning season is defined as the time between the first 
and last occurrence of herring in stage VII. 

In  Fig. 4 the relative frequency for the different maturity stages is 
plotted against time (in five-day periods). The data used in the figure 
are listed in Table IV. The time when the first fish were found in maturity 
stage VII,  indicating the commencement of spawning (T,), could be 
determined fairly accurately, but the time for the end of spawning (T,) 
was more difficult to assess from the present material since some herring 
in stage V occurred in samples collected even at the end of the sampling 
period. These herring had to pass through stage VI  before the season 
could be considered ended. The duration of stage VI for the individual 
fish is incompletely known for Norwegian herring, but this stage is the 
shortest (ILES 1964). To get approximate figures for the duration of stage 
VI, the time interval between the first occurrence of stages VII and VI 
(T,) was measured. By adcling T, to the last time when herring in 
maturity stage V occurred, the end of the spawning season (T,) was 
estimated, The time of the main spawning is defined to occur at  the mid- 
point between T, and T, (Fig. 4). 

In  area 07 (off Mare) spawning commenced relatively early in 1959, 
1960 and 1965, when the main spawning took place in tlle first week of 
March. In  1962 and 1963 the onset of spawning was late and the rr~ain 
spawnilig occurred 15-1 9 and 10-1 4 March, respectively. The duration 
of the spawning seaso~~s in 1959-1965 was longest in 1959, 1960 and 1961, 



Fig. 4. Maturity composition (in %) of stages V-VII in samples of Norwegian herring 
collected during the spawning seasons in 1959-1965. Data for males and females are 
pooled and plotted against time in five-day periods T, and T, represent the onset and 
end of spawning. The time of main spawning is indicated as the midpoint between T,. 
and T, by an unlabelied arrow. The inserted illustration of the method used to estimate 

the spawning rate by measuring the reduction of stage V is explained in the text. 
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Fig. 5. Time of main spawning during the period 1950-1965, (1) within areas 07 and 
08 and (2) within area 05. Vertical bars denote duration of the spawning season. 

lasting for about one month. In  the other years the season lasted only 
about three weeks. 

In  area 06 (between Halten and Sklinna) the duration of spawning in 
1959 could not be studied in the same detail because of the limited 
number of samples available. Apparently, spawning occurred almost at 
the same time or slightly later than in area 07. Herring examined from the 
Halten Bank showed that spawning commeilced a few days later there 
than elsewhere in area 06. I n  area 05 (off Lofoten) the onset of 
spawning was late in 1963 as well as in 1964, and lasted only about 
ten days. In  1965 the onset and duration of spawning were the same as 
in area 07. 

I n  Fig. 5 the time of the main spawning and tlie duration of the 
spawning season are illustrated for the period 1959-1965, supplemented 
with data from tlie spawning seasons in 1950-1958. No special trend in 
time of the main spawning was found during the period 1950-1965. How- 
ever, the spawning seasons lasted somewhat longer in 1950-1958 than 
during the period 1959-1965, probably because of the restricted spawning 
in the southernmost region within area 08. 

I11 the spawning seasons of 1964 and 1965 the influx of recruits was 
high. A comparison between the onset of spawning for recruit and repeat 
spawners these years is given in Table 9. Apparently no marked difference 



'rable 9. Con~positioil (in O// , )  of the maturity stages of Norwegian Ilerring iii five-day periods during the spawning scason in 1964 and 1965. 

Rccrtiit spawners 

Area Date Maturity stage 

IV v VI VI1 

Repeat spawners 

Maturity stage 
No. 

v VI VI1 
l l 



was found in the onset of spawning although repeat spawners reacllecl 
maturity stages V I  and VII  a little earlier than the recruits. This suggests 
that recruits spawned slightly later than the repeat spawners, especially 
in area 07. 

The transition from tlie prespawlling to the spawning stage was 
studied by estimating the rate of reductioll for the maturity stage V from 
the maximum frequency points of the stage V curves to their lo?/, levels. 
The percentage reductiol~ was measured (Fig. 4) and the reduction per 
day (defined as the spawnilig rate) was estimated (Table 10). The figure 
for 1962 (area 07) indicates mass spawning ox er a relatively short period, 
wherea~ in 1959 spawning took place at a consiclerably slower rate. The 
spawning in the other years occurred at  a more moderate rate than in 
1962. 111 area 05 (off Lofoten) the spawning rate was geilerally higher 
than in arra 07 (off M ~ r e ) ,  especially in 1964. 

Table 10. Spawning rate of Norwegian herring indicated by the percentage reduction 
of the maturity stage \r per day (see text for explanationj. 

Spawning year 

1959 1960 1961 1962 1963 1964 1965 

TIiV1E OF HA TCHING 

The time of main llatching can be found by adding the incubatioll 
period to the time of inail1 spawning. Knowing the temperature on the 
spawning grou~~ds,  an approxiinate figure for the incubation period call 
be estimated (BLAXTER and HEMPEL 1963). The incubation period varies 
from about twenty-filre days at 5°C to about sixteen days at  8'C. Investi- 
gations carried out off Mare (unpublished) during the spawilillg seasons 
in 1967 and 1968, showed that the spawnirlg took place at depths less 
than 250 111, with the most frequent spawning depths ranging from 50 to 
200 m. Therefore, the mean temperature between 50 and 200 m (or 
bottom) in the different regions lvas used in order to estimate the incuba- 
tion period (Fig. 6). The stations were located on the lllai~i spawning 
grou~lds within each region. The ilunlber of stations varied between two 
and four. The mean temperature in the spawning region off ~~~~e (area 
07) was lowest in 1959 and 1963 resulting in a correspondingly longer 
incubation period than in the other years. The quartile intervals, indicat- 
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Fig. 6. Mean temperature at different spawning grounds within the main spawning 
regions in areas 07, 06 and 05, depth intervals from 50 to 200 m or to the bottom. The 

vertical bars show the quartile intervals. 

ing the temperature range within the main spawning depths, were widest 
in 1959, 1960, 1963 and 1965 and this feature may have resulted in a 
variable incubation period (Fig. 7). The range was considerably more 
narrow in 1962 and 1964 and the time of main hatching, therefore, 
shorter. In  the spawning regions off Halten-Sklinna and Lofoten (areas 
06 and 05) the mean temperature followed the same trend as in area 07, 
but the quartile intervals in area 06 was not as wide as on the spawning 
grounds within area 07. Since the spawning occurred at different times 
off Mare (area 07) and Lofoten (area 05) in 1963 and 1964, the total 
hatching period was relatively long these years. I n  1965 the spawning and 
hatching took place almost at the same time in the two spawning regions 
and the time of main hatching occurred relatively early, especially in 
area 05 (Fig. 7) .  

The commencement of the Norwegian winter herring fishery, coin- 
ciding in time with the arrival of spawners to the coast, the estimated 
time of the main spawning and hatching and the first and second periods 
of larval sampling are also plotted on the time scale in Fig. 7. On the 
Mme coast (area 07) the time of arrival of the herring, the spawning and 
the subsequent hatching all occurred progressively later during the period 
1959-1962, whereas the opposite trend was found from 1963 to 1965. 

Fig. 7. Time of, (1) coiliillencement of the Norwegian winter herring fishery, (2) main 
spawning, (3) main hatching, (4) and (5) first and second annual periods of larval 

sampling. -+ 
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THE LARVAE 

LARVAL DISTRIBUTION AlVD ABUNDANCE IN RELATION TO SPAW~VIIVG 
CHARACTERISTICS AND WATER CURRENTS 

Soon after hatching the major part of the larvae rise into the upper 
water layers (50-0 m). Observations made at  drift statioils off Sklinna and 
Eggum indicated a vertical migration of the larvae (Fig. 8). During the 
dark, larvae were most abundant in the upper 20 m and by day they 
concentrated at  a depth between 20 and 40 m. However, a higher net 
avoidance during the day might to some extent account for the variation 
in vertical distribution within the upper 40 m. Nevertheless the majority 
of the larvae did occur within the upper 50 m and were scarce in the 
depth range from 50 to 70 m. 

The larvae are transported northwards mainly in coastal water, i.e. 
water with salinity less than 35%, (HELLAND-HANSEN and NANSEX 1909). 
This watel moves as a coastal current from the Skagerak to the Barents 
Sea, whereas Atlantic water (with salinity above 35%,) moves north\varcl 
farther offshore with the core just outside the edge of the contineiltal shelf. 
The main bulk of coastal water seems to be deflected northward off Stad 
(Fig. 9), and outside More the current has its maximum northward 
velocity at the edge of the shelf, whereas over the Mnre plateau the current 
is weaker and on some occasions vortex movements of the water masses 
occur (HELLAND-HANSEN and NANSEN 1909, LJBEN and NAKKEN 1969). 
The branch of the coastal water which follows the slope northwards from 
about N 63" 15', E 5" 40' is mixed with salter and warmer water masses 
and will relatively soon lose its original characteristics (LJBEN and 
NAKKEN 1969). The main bulk of coastal water flows to the east off 
Ona-Grip and fo l lo~~s  the coast northwards from Grip (Fig. 9). 

The velocity of the coastal current varies greatly (HELLAND-HANSEN 
and NANSEN 1909, EGGVIN 1940, LJOEN 1962). The subsurface drogue 

Table 11. Subsurface drogue measurements in larval patches during the surveys in 
1963-1965 and 1967. 

Date 
Drift 1 . t " ~  1 Position 

Duration of 
experiment 

in hours 

Drifting velocity 
parallel to the 
coast in knots 

0.75 
1.08 
0.36 
0.29 
1 .oo 
0.10 

clockwise drift 
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,ae caught in obliqL1e h a ~ ~ l s  with CBPS during the survey 

~ i ~ .  8. (A) of lari 
in 1964 at drift 

2 and 4 (di sklinna and Eggumr *.ling a 24-v sam~l"ng 

period and (B) vertical distribution of larvae at the same stations. 



Fig. 9. Main flow of coastal water off More and Trondelag (reconstructed from L J ~ E N  
and NAKKEN 1969). 

measurements carried out at  different places along the coast (Table 11) 
showed relatively high velocities off Froya and Sklinlla (stations I ,  2 and 
5) and lower velocities farther north off Trzna and Eggum (stations 3 and 
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depth off skfinna in 1964, from 18 April at 1520 hours to 19 April at 161.5 (local 

tim4 and (c) positions of the drogue at 20 m depth l:ompased with 
at 10 m depth. 

4). On the shelf off Ona (station 6) a vortex movement took place during 
an exyerimat ill 1967 (DRAGESIJND and NAKKEN 1968). Thus the 
distribution and drift will vary depending on the location of spawning- 

N~ important difference in the direction and ve10city of the current 
was o u l  b e  10 d O m r i n g  the 1 x n  lo)> 
and none found between 10 and 40 m in an experiment carried Out 

in 1965 (DRAGESUND and HOGNESTAD 1966) + 
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DISTANCE IN  N A U T I C A L  M I L E S  

Fig. 11. Distribution of salinity (%,) in three vertical sections seaward from Stad, Ona 
and Trzna,  (1) and (2) number of larvae below 1 m 2  surfacc. 

The seaward extent of larval distribution in 1959 in relatiois to the 
salinity distribution is shown in Fig. 11. All larvae in the two southern- 
most sectioi~s (off Stad and Ona) were found in coastal water, whereas 
farther i~orth (off Trzna) they were more dispersed ancl found also in 
Atlantic water. However, the most dense concentrations were observed 
in the core of coastal water where the mails transport of larvae took place. 
The 35%, isohaline at 0 m in relation to the larval distribution on the 
shelf between Stad and Lofoten is shown in Fig. 12. 

Figs. 12-1 8 show the larval distribution in 1959-1 965 during successive 
periods. The first survey in 1960 is not included as it was carried out prior 
to the time of main hatching (Fig. 7). In  1964 the first survey was omitted 
because sampling was made only at a few stations. The second survey of 
that year covered a relatively late period in relation to hatching in areas 
07 and 06, but about tlse same period as in other years in area 05. 

During the first annual survey period (Figs. 12-18A) the main larval 
coiscentrations from the spawning grounds in areas 07 and 06 were found 
between Stad and Sklinna, extending to the southernmost part of area 



07 in 1959-1961. In 1959, 1961, 1963 and 1964 the distribution in areas 
07 and 06 was somewhat more wide than in 1962 and 1965. The distribu- 
tion pattern was characterized by high larval concentrations near the 
coast, decreasing seaward and almost no larvae were found outside the 
edge of the shelf. I n  the years 1962-1 965 larvae were Scarce south of Ona, 
a result of the restricted spawning on the southern grounds. 

In 1964 and 1965 the distribution was characterized by two main 
centres, olle off the ?dore-Trondelag coast and the other off the coast 
hetweeil Trzna and Eggum. I11 1964 larvae from the spawning g r o ~ n d s  
off More (area 07) and Trondelag (area 06) had already mixed with 
those from the Lofote~l spawlling grounds (area 05) when the survey was 
carried out, whereas in 1965 the larvae from the spawning off M@re- 



Fig. 13. Distribution of herring larvae 31 March-9 April 1960, (A) all length groups 
and (B) 2 12 mm. Legend as in Fig. 12. 

Trandelag were separated from those hatched at  Lofoten. During April 
of 1964 and 1965 the major part of the larval population was located 
farther north than at  the same time in earlier years (1959-1961), mainly 
because of the spawning at  Lofoten. 

I n  general the abundance of larvae was high during or immediately 
after the time of the main hatching, especially in 1960 (Fig. 19A). In  
1962 and 1965 high catches were restricted to a limited region off Frmya, 
whereas in 1963 and 1964 relatively low catches were obtained at  all 
sections (1959 is omitted due to lack of data with CBPS). In 1967 evidence 



Fig. 14. Distribution of herring larvae in 1961, (A) all length groups, 6-19 April and 
(B) 212  mm, 20-29 April. Legend as in Fig. 12. 

of a mass mortality of larvae off M ~ r e  soon after hatching (i.e. during the 
growth period between 10 and 12 mm of length) was found by DRAGE- 
SUND and NAKKEN (1968). When comparing the distribution and abun- 
dance of larvae in relation to subsequent year-class strength, therefore, 
those having passed the yolk sac stage (i.e. larvae 2 1 2  mm) should be 
considered separately. 

I n  Figs. 12-18B the distribution of these larvae are shown during the 
second annual survey period. In  1961, 1962 and 1965 the post yolk sac 
larvae were concentrated off Fraya and were considerably less abundant 
south and north of this region. I n  1961 larvae also were numerous off 
Halten. I n  1959, 1960, 1963 and 1964 the larvae were more widely dis- 
tributed. Because of the variable sampling time in relation to hatching, it 



Fig. 15. Distribution of herring larvae in 1962, (A) all length groups, 2-9 April, 
(B) 2 1 2  mm, 6-1 3 April and (C) 2 12 mm, 24-28 April. Legend as in Fig. 12. 

is difficult to make a quantitative comparison of the abundance estimates 
between years. Table 12 shows the percentage of larvae 2 1 2  mm and of 
larvae 2 1 5  mm during the second period of sampling. I n  1959 96.3% 
of the larvae were 2 1 2  mm, whereas the corresponding figures for the 
following years were considerably lower, particularly in 1960. Larvae 
hatched off Lofoten were mainly below 12 mm in length at  the time of 
sampling. 

Table 12. Percentage of larvae 2 1 2  nlm and 2 1 5  mm during the second annrtal 
sampling period for each of the years 1959-1965. 

1959 23-28.4 07 and 06 
20-23.4 05 

1960 2- 8.4 07 and 06 
28.3- 2.4 05 

1961 21-29.4 07and06 
1962 24-27.4 07and06 
1963 16-23.4 07 and 06 

13-16.4 05 
1964 13-20.4 07 and 06 

20-30.4 05 
1965 7-12.4 07 and 06 

4- 7.4 05 

Date Area 
No, of 

stations 2 1 5  mm 
Total no. of 
larvae below 
1 mZ surface 

2 1 2  mm 



Fig  16. Distribution of herring larvae in 1963, (A) all length groups, 2-10 April and 
(B) 212  mm, 13-23 April. Legend as in Fig. 12. 

The number of larvae 2 1 2  inm and 2 1 5  mm per station at  the 
sections off Stad, Ona, Froya, Haiten, Sklinna and Trlena is illustrated 
in Fig. 198 (1960 is omitted). Less variable values were found at the 
different sectioils for post yolk sac larvae 2 1 2  mm in 1959, 1963 and 1964 
than in 1962 and 1965. In 1961 a marked displacen~ent north~vard had 
taken place betiveeil the two sampling periods, and the larvae were 
evidently more concentrated during the seconcl than duril~g tile first 
period of sampling. The abundance off Froya and Walten in 1961 was 
nlarkedly higher tlian in the other years. The number of larvae 215 mm 
rvas low except for 1959 and 1961. More than 50% of the larvae caught 
ill 1959 wcre 2 1 5  nxn. This may have resultecl in an uilderestirnate of 
the abunclance of the 1959 larvae compared with other years as the 
catching efficipncy of CBPS is lower lor larger than smaller larvae. 
Mortality from liatciiing up to the sampling stag? adds also to this 
underestimate. 



Fig. 17. Distribution o f  herring larvae 13-18 April 1964, (A) all length groups and 
( B )  2 1 2  mm. Legend as i n  Fig. 12. 

The following characteristic features of the distribution and abundance 
of the larvae can be listed : 

1) the abundance was relatively high during the post yolk sac stage 
in 1959; 

2) the highest abundance just after hatching was found in 1960, and 
the exceptionally high figures found at  all sections that year 
indicated a high hatching success over a wide spawning area; 

3) the 1961 larvae were also numerous after hatching and throughout 
the post yolk sac stage, though more marked concentrated during 
the second than during the first period of sampling; 

4) the 1962 and 1965 larvae were more concentrated and had a more 
patchy distribution than in other years; 



5) 'lie distri13ution in 1963 and 1964 was widespread, ~ a r ~ ~ ~ ~ ~ ~ ~ ~ ~  
during the second period of sampling, 1'"' the abundance "r 

different sections Were low ; 

6) 
abundance e s t i m e ~  at t i e  different scctiondetween Stad 

rind T~~~~ suggest that variation in the size of the spawning 

stock was reflected in the abundnlice figures obtained in 

tile period just after hatching. 

i n i c e  by t e  d S r o  charts i s .  12-1 8) a nortllward dis- 

P lacement the larval conce~tratiO,i~ ill the Southern Part survey 

area was observed in most of the years. I n  the northern Part of the 
tirne intervals between surveys were too short to allow any marked north- 

ward drift to be However, in 1959 a di(ig1acement nOrtliward 
off T~~~~ was traced. To illustrate the drift from a known spawning site 
ne_ ~ ~ i ~ ,  the Imr1 distributions during two successive periods the 
sur\,ey in 1968 ax s l i o ~ n  (Fig. 20). The spawning site was located on 
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Fig. 19. Number of larvae below 1 m2 of surface per station at six sections, froni left to 
right: Stad, Ona, Fraya, Halten, Sklinna and Triena, (A) larvae of all length groups, 

(B) of larvae 1 1  2 m n ~  and 1 1  5 mm (diagonal shading). 

23 Marc11 when eggs were collectecl with clredge. Adult herring were 
recorcled ileal- the l~ottom some days earlier a t  the same locality. The 
eggs were examined and fertilization was estimated to have taken place 
from 5 to 10 IKarch. Further inspectioils were carried out from 25 to 31 
March, and the larvae were now nearly at  the hatchi~lg stage. A detailed 
sampling programme was started, ancl clurillg the followiilg few days 
larvae were numerous just nortll of tlie spaw~li~lg site. Assumiilg that the 
majority of the larvae were clerivcd from this spawi~iilg site, the drift was 





estimated to 0.67 knots by measuring the distance between the centres 
of concentrations in two successive sampling periods. The estimated 
drifting velocity was slightly lower than indicated by the subsurface 
drogue measurements farther north off F r ~ y a  and Sklinna in 1963-1965 
(Table 11). 

Since the larvae are mainly found in the upper 50 m, it  may be 
assumed that the force and direction of the wind play an important role 
in determining the distribution pattern of larvae. Although the coastal 
current is directed northward, the surface water may be turned in various 
directions by the wind force. In  periods with southerly winds the larvae 
will be transported northwards relatively quickly, whereas the drift will 
be hampered when winds from north prevails as the wind produces not 
only a pure wind current to the right of the wind direction, but also a 
relative current that runs parallel to tbe coast (EKMAN 1923, SVERDRUP, 
JOHNSON and FLEMING 1946). Therefore, wind data from the meteorological 
stations Ona, Nord~yane and Skomvzr have been analysed (Fig. 21). 

The wind distribution in 1961 presumably resulted in a rather strong 
nort!lward flow of water in the southern area but a weak northward 
flow in the northern area. In  1962 the same trend was found, although the 
wind \-ectors were smaller. In  these years the wind distribution thus may 
have llampered the northward drift of the larvae from the spawning 
region in area 06, and may also partly have accounted for the high con- 
centrations of larvae found between F r ~ y a  and Halten. For 1959, 1960, 
1963 and 1964 the wind vectors indicate a prevailing strong northward 
flow of water resulting in more widespread north-south distribution of 
larvae. 

The larval drift also may be studied in relation to the distribution of 
recovered drift bottles released in larval patches at various places during 
the surveys in 1961 and 1963-1965 (Fig. 22). All the bottles recovcred in 
1961 were found within thirty days after release in the coastal belt, and 
the high frequency of returns indicates that they were transported north- 
wards close to shore. The 1963 recoveries showed a quite different distri- 
I3ution. None of the bottles released was recaptured within thirty days, 
and all the returns are from areas farther north (arcas 05, 04 and 03). 
This distribution indicates that the bottles drifted northwards a t  some 
distance from the coast during the first period after releasc. Bottles 
released in 1964 and 1965 in arca 07 were frequently recovered in areas 
07 and 06, indicating a drift nearer to the coast in those years. Bottles 
recovered within sixty days in 1964 were distributed somewl~at farther 
north than in 1965, indicating a faster drift in 1964. The drift of bottles 
along the coast from M ~ r e  to Finnmark was clearly demonstrated, and 
it is likely that larvae hatched off Mare are transported to this arca. 
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Pig. 21. Average resultant rind vectors for the period March-April in 1959-1965. 
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The ge~leral clrift pattern of larvae can be summarized as follows: 

1) an  extensive northward drift of larvae takes place from all the 
spawning grounds along the coast; 

2) larvae hatclied south of Stad will probably be transported north- 
ward near the coast, but a more offshore distribution is possible 
when they pass the region off Mare; 

3) larvae drifting northward along the coast may follow a vortex 
movement over the southern part of the h/l@re plateau; 

4) larvae being transported offshore will most likely be deflected 
towards the coast again off Grip-Froya where the northward flow 
is relatively rapid before it slows down again off the coast betweell 
Triena and Lofoten; 

5) during the northward drift part of tlie total larval population will 
accumulate at tlie entrance of the fjords along tlie Norwegian 
coast, and this part is probably greatest ~vlien the spawning takes 
place in the soutl~ernmost region (tvitl-rin area 08). 

LARVAL LENGTH IN RELA TION T O  T I h f E  OF SPAWNING 

The length distribution of larvae in different regions between Bergen 
and Andenes is shown in Figs. 23 and 24. During the first period of 
sampling in 1959-1961 larger modal lengths were found between Stad- 
Ona and Grip-Fraya than south and nortli of these regions. I t  is assumed, 
therefore, that spawning started in tlle central part of the main spawning 
district (i.e. between Stad and Ona), and that the onset of spawning 
occurred sliglitly later to tlie south and llortli of this area. In  1962-1964 
the largest modal lengths were found off Grip-Fraya, indicating that 
spawning started first between Ona and Grip. However, in 1962 only 
small differences in lengths were found in relation to both region and 
time. The late onset and tlie restricted cfuration of spawning that year 
presumably led to a nlass spawning over a relatively short period resulting 
in smaller variations in lengths. Similarly, no marked trends were found 
in the leiigtl~ distributiolis of larvae between Stad and Halten in 1965- 
This suggests simultaneously hatcliing on all spawning grounds. 

Table 13 lists the coefficients of variation (v) for tlie different length 
distributions 

where s is tlie standard deviation and the mean length. 
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Fig. 23. Length distribution of larvae caught with CBPS in 1959-1962, (A) Bergen- 
Kinn, (B) Stad-Ona, (C) Grip-Fraya, (D) Halten, (E) Sklinna and (F) Trrena. Data 
on larval lengths from CBPS and Nansen net are pooled for the second part of the 1959 

survey (20-27 April). Prior to this period the larvae were caught with Nansen net. 

The coefficients were relatively high in 1959, reflecting the long dura- 
tion ancl low rate of spawning (Table 10). Although the spawning seasons 
were long, the coefficients of variation for 1960 and 1961 were lower than 
for 1959, suggesting that the main hatching was concentrated over a 
shorter period these years. This is also supported by the relatively Iligh 
spawning rate and the high numbers of larvae per station in 1960 ancl 
1961 (Fig. 19). 

In  1964 the length distributions were bimodal in most oi the regioi~s 
during the second period of sampling, probably because of the difference 
in spawning time between the spawning regions off More-Tr~ndelag and 
off Lofoten and also within the Mare-Trondelag spawning regions. The 



age compositioll of the spawners may explain the diffe1"ences in 
betweel, alld within the regions, the r e c r ~ l i t ~  spawning later In the 

season ti'an repeat Spawners. The largest larvae found in area 06 may 
1 e n  pace y 1 1 w l c l  spawned relativel~ early in "le 
season, whereas the smaller larvae p r o b a b l ~  osjoinated from rec r~~ i t s  
1 ,  h t  i t .  T I  larger larvae ca~lght  between Lofoten 
and \ndenes were most likely transported from spawlling 5roLln" 
of this region 



'Table 13. Coefficients of variation (v) for larvae caught in different regions between Bergen and 
Andenes durirg the larval surveys in 1959-1965. 

1959 1960 
Region 

Date No. v Date No. v 

Bergen-Kinn 2.4 39 7 1  8.4 122 9.8 
28.4 8 14.3 - - - 

Stad-Ona 5-7.4 443 14.1 23.3 114 13.1 
26-27.4 101 10.7 7.4 499 7.8 

Grip-Froya 8-9.4 141 8.6 23.3 294 8.8 
25-26.4 139 10.8 4-5.4 400 7.5 

Halten 11.4 120 9.7 24.3 38 - 

24-25.4 133 14.4 3.4 148 7.0 
Sklinna 13-14.4 65 22.4 25.3 123 7.7 

23-24.4 450 14.0 2-3.4 400 6.9 
Trrena 20-23.4 65 14.8 28.3 55 9.1 

1961 

Date No. 17 

6-7.4 129 11.6 
- - - 

10-11.4 245 8.6 
28.4 22 6.1 

11-12.4 383 7.5 
27.4 630 10.0 
12.4 254 8.0 

25-26.4 1074 12.0 
13.4 142 6.7 
25.4 344 8.4 
- - - 

I 1962 I 1963 

Stad-Ona 4.4 53 8.8 3.4 175 11.4 
12.4 378 8.2 8.4 29 7.3 
- - - 22.4 161 10.3 

Grip-Fr~ya 4-5.4 1339 6.5 3-4.4 271 6.1 
11-12.4 1129 11.1 7-8.4 266 7.6 
26-27.4 674 13.4 20-22.4 341 11.8 

Halten 5-6.4 509 9.1 5-7.4 50 7.7 
10.4 480 10.9 18-19.4 190 9.8 

Sklinna 6.4 277 9.7 6-7.4 139 11.3 
- - - 18-19.4 139 8.2 

Trzna - - - 16-17.4 56 6.6 

I 1964 1 1965 

Stad-Ona - - 30.3 38 8.7 
- - - - - - 
- - - - - - 

Grip-Fr~ya 2.4 46 10.1 30-31.3 1419 7.7 
15-16.4 110 14.6 10-11.4 756 12.1 

Halten 6.4 42 12.3 31.3-1.4 835 7.6 
16-17.4 107 6.3 9-10.4 56 9.0 

Sklinna 17-19.4 144 22.5 2.4 14 3.0 
2.5 45 27.5 7-8.4 38 12.4 

Trzna 10.4 29 9.9 - - - 
19-20.4 185 21.2 - - - 

Lofoten 10.4 37 15.2 3-4.4 132 10.2 
20-22.4 503 21.1 6-7.4 103 9.6 
29-30.4 104 23.0 - - - 

Eggum-Andenes 20.4 84 18.0 5-6.4 110 10.2 
26-27.4 78 16.4 - - - 
27-29.4 290 13.2 - - - - 



Also the mixture of relatively young recruit spawners and old repeat 
spawners (off Mure and Tr~ndelag)  may have co~ltributed to tlze expanded 
bimodal length distribution of larvae. According to BLAXTER and HEMPEL 
( 1963) and HENPEL and BLP-XTER ( 1967) young recruit spawners produce 
slightly smaller eggs and l1ence smaller larvae. The difference in egg weight 
between the youngest recruit spawners and the next age group in Nor- 
wegian herring was about 10-14%, so the difference in egg size and 
spawning date worked in the same direction and contributed to the 
bimodal length distribution of larvae. 

No such bimodality in the length distribution was found in 1965 when 
both young recruits and old repeat spawners were present on the southern 
spawning grouilds off Mme. However, the old fish made up only 1 5 2 0 %  
of the stock in this region. 111 1965 both the duration and the time of main 
spawning were nearly the same over the entire spawning area from Ona 
to Lofoten. This resulted in smaller length variations compared with 1964. 

SPA WNING CHARACTERISTICS 

The relationship between year-class strength and the following factors 
tvill be discussed : 

I )  age structure and size of the parent stock; 
2) locatioll of spawning; 
3) duratioli and time of spawning. 

The effect of tlie age structure of the parent stock on the year-class 
strength has been discussed by MARTI (1959) and BRIDGER (1 96 1). They 
suggested that older herring produce bigger eggs resulting in stronger 
larvae with better yolk reserves. BLAXTER and HEMPEL (1963) founcl that 
the egg size and survival time on yolk reserves dcpelld little on the age 
structure of the pare~lt stock, although very youllg recruits produce 
slightly smaller eggs and larvae. Thus, in years when the stock corlsists 
mainly of very young spawners, the viability of the progeny may be 
rccluced. During tlie 1950s young recruits were relatively alnndant in 
1954 (OSIVEDT 1963). I n  the periocl 1959-1965 the influx of you11g r e c r ~ i t  
spawners was higllest in 1964 and 1965, but also ill 1963 iecruits of the 
1959 year-class appeared on the spawllillg grounds in sig~zificant numbers. 
The 1963 and 1964 year-classes were of average strength, whereas those 
of 1954 ancl 1965 were \.cry poor (Fig. 25). From 1955 to 1962 repeat 
spawners and relatively old recruits dominated in the stock, and in most 



of these years poor year-classes were produced. Accordingly no apparent 
relationship can be established between the age structure of the parent 
stock and subsequeilt year-class strength. 

In  Fig. 25A the absolute size of the parent stocks for the period 1947- 
1962 is plotted against subsequent year-class strengths at six years of age. 
The absolute size of the spawning stocks during the period 1947-1952 
has been derived from data given by ~ S T V E D T  (1963). The abundance 
indices showed that stock size remained at  alsout the same level during 
this period, and was somewhat lower than that wliich occurred in the 
mid-1950s. Tlle average abundance figure for the stock size during the 
period 1947-1952 was about 83% of the average figure for the years 
1954-1956. 

Estimates of pear-class strength for adults are complicated by the 
wide range of ages over which_ inclividuals of a given year-class attain - 
sexual maturity. However, knowing the size of the spawning stock, an  
estimate of year-class strength can be obtained by calculating the abun- 
dance of the year-class at  an age when most of the year-class has entered 
the adult stock. Accordiilg to ~ S T V E D T  (1958) the meal? age at first 
spawning for herring of northern growth type (slowly growing herring) 
varies between 5.1 and 7.5 years, and for herring of southern growth 
type (rapidly growing herring) between 4.1 and 4.5 years. The strength 
of a year-class as adults, therefore, has been estimated at  an age of six 
years (Fig. 25A). 

During the period 1947-1962, two exceptionally rich year-classes 
were spawned, those of 1950 and 1959. The 1959 year-class was spawned 
when the adult stock was about half the size of that in 1950. During the 
period 1947-1956 the spawning stock was two to three times larger than 
in 1959, without producing any rich year-classes. In  1957 and 1958 the 
stock was also more abundant than in 1959, and again very poor year- 
classes occurred. The survival of the herring spawned in 1959 must have 
been relatively high since a rich year-class was spawned by a much smaller 
spawning stock than the stocli which was present during the previous 
eight years. Similarly the survival was relatively high for herring spawned 
in 1960, although markedly lower than for those spawned i11 1959. The 
1962 year-class was very poor, being of the same magnitude as the year- 
classes spawned during the 1954-1 958 period. The 1963-1 965 year-classes 
had not reached the adult stage in 1968 and cannot be compared with 
tlze previous year-classes in the adult stock. Investigatiolls carried out 
during the 0-group stage (DRAGESUND 1970) indicated that the 1963 and 
1964 year-classes were slightly more abundant than that of 1961, whereas 
the 1965 year-class was very poor and probalsly less abundant than that 
of 1962 (Fig. 25B). 



PARENT S T O C K  S I Z E  I N  M I L L I O N S  OF M E T R I C  TONS 

Fig. 25. Relationship between the parent stock size and the subsequent year-class 
strength, (A) a t  six years of age for the 1947-1962 year-classes and (B) at  about six 
months of age for the 1959-1965 year-classes. The  respecti\re year-classes are indicated 

inside each circle. 

The correlation diagram suggests that within the period considered, 
a relationship existed between the stock and the abundance of the result- 
ing year-class when conditions for the progeny were favourable. However, 
in most of the years year-class strength was determined by other factors 
which completely ruled out the effect of the size of the parent stock. Thus, 
in at least twelve of the nineteen years duriilg the period 1947-1965, the 
size of the parent stock has apparently not been the primary factor 
controlling subsequent year-class strength. I n  the years when numerous 
year-classes were produced as in 1950 and 1959 other factors (as for 



instance a more widespread distribution of the spawning grounds and a 
longer duration of spawning) may have given rise to favourable collditiolls 
for the progeny. 

In  the years 1948-1959 the main spawning took place gradually 
farther north (DEVOLD 1963) and in 1959-1965 the most important 
spawning centre was collce~ltrated within area 07 between Stad and Grip. 
The main spawning groullds within area 06 were locatecl off Halten- 
Sklinna, and no change in location could be recorded in this area during 
the period of investigation. In  the 1950s spawiling off Halten-Sklinna was 
observed by WIBORG (1954, 1956) and YUDANOV (1962). The locatioils 
of spawning off More-Trondelag given by YUDANOV for the periocl 1959- 
1965 agree fairly well with the results of the present investigation. Spawn- 
ing in tile area 05 took place mainly during the period 1963-1965. 
YUDANOV (1962, 1964, 1966) found insignificant spawning in the Lofoten 
region in 1959, 1961 and 1962, whereas in 1960 a major spawning was 
found on the banks between Lofoten ancl Andenes. Spawning in this 
region has also occurred in previous jears as pointed out by RUNNSTROM 
(1 934), AWERINZEW (1935), R ~ s s  (1939) and MARTI (1956). 

In  the 1930s spawning was found at  certain places along the entire 
coast from Lindesnes to VesterASen (RUNNSTROM 1934, 194la), i.e. off the 
southwest coast between Lindesnes and Bergen, off the More coast and on 
the banks off Lofoten. The most important spawning region during this 
period, however, was located within area 08 off the southwester~l coast 
of Norway. Thus, a general restriction of the spawning area has taken 
place during the 1950s and 1960s, especially in the southerilmost spawn- 
ing region (within area 08) at  the same time as the main spawning centre 
moved farther north. The probability is that the spawning area is more 
extensive when the spawning stock is large than when the stock size is 
small. Also the age structure of the spawning stock may have an effect 
on the extension of the spawning area. However, the change and restric- 
tion in spawning area foui~cl in 1959-1962 could not only be attributed 
to the decrease in the size of the spawning stock but also to a real shift 
in the spa~ming migration. 

DEVOLD (1963) demonstrated that the stock arrived at the coast in 
area 07 increasingly farther north clurillg the periocl 1950-1962. During 
the early 1950s a major part of the stock migratecl southward aloilg the 
coast for spawni~~g, but this did not occur after 1959. The fact that herring 
shift from one spawlling ground to another during their life span is also 
supportecl by tagging experiments (DRAGESUND 1961, 1962). Herring 
tagged on the spawiling grouncls between Bokn and Stolmevl in 1957 and 
1958, migratecl to the spawning groul~cls off More-Tiondclag tlie follow- 
ing years. hloreover, the stock coinpollellt spawning off Lofoten during 



the period 1963-1966 did not appear on these spawning grounds the 
following two years, but mixed with the component migrating towards 
the spawning grounds off Mare-Trandelag (DEVOLD 1968, JAKOB~SON 

1968). This change in location of maximum spawning may have resulted 
in a simultaneous change in the time of spawnjng. 

To investigate the relationship between the duration of the main 
spawning period and subsequent year-class strength, the spawning rate 
has been plotted against year-class strength a t  six years (Fig. 26.4) and 
at six months (Fig. 26B). The diagrams suggest that high spawning rates 
resulted in poor year-classes, whereas in years when the main spawning 
was prolonged stronger year-classes were produced. However, this did 
not fit in for all year-classes, e.g. those of 1951 and 1953-1955. Long 
spawning periods often result in prolonged hatching, and it is possible 
that a larger number of larvae can find suitable and abundant food when 
they are hatched over a long period than when hatching is restricted in time. 

Within the period 1950-1965 the time of main spawning varied (Fig. 
5), hut no special trend in variation was found. However, in genera1 the 
main spawning occurred later than it had previously in this century 
(AASEN 1962, DEVOLD 1963). Between 1904 and 1920 the adult herring 
arrived at the coast already in October to December, and the main 
spawning, which took place within area 08, probably commenced earlier 
than at present time. During the period from 1929 to 1959 the spawning 
time changed markedly in the spawning region within area 08 (Fig. 27). 
From 1929 to 1932 the main spawning took place a t  the beginning of 
February, and from 1933 to 1939 it occurred in the second half of 
February. The main spawning time for the period 1929-1939 has been 
derived from data of RASMUSSEN (1940) by adding ten days to the onset 
of spawning given in his paper. During the 1950-1959 period the spawn- 
ing in area 08 occurred during the first half of March. I n  area 07 (i.e. 
between Kinn and Grip) no marked change could be found, although the 
spawning in 1961-1963 took place somewhat later than in the previous 
years. 

During the last three decades the main spawning time thus changed 
simultaneously with a progressively northward displacement of the main 
spawning centre. The change in location of maximum spawning and the 
\lariations described in spawning time may have resulted in variations 
in the environ~nental conditions for the larvae during the period just after 
hatching. The most striking change is the absence of spawning on the 
southernmost grounds, between Bokn and Stad, since 1959. I n  the 1930s 
and 1940s when the main spawni~lg took place in this region, rich year- 
classes occurred more frequently (MARTI and FEDOROV 1963, DEVOLD 
1963). On the other hand, in the period 1904-1920 when spawning also 



PERCENTAGE REDUCTION P E R  D A Y  OF M A T U R I T Y  S T A G E  V 

Fig. 26. Relationship between the spawning rate (percentage reduction per day of 
maturity stage V) within areas 08 and 07 during the spawning seasons in 1950-1965 
and subsequent year-class strength, (A) at six years of age for the 1950-1962 year-classes 
and (B) at about six months of age for the 1959-1965 year-classes. The 1957 and 1963 
year-classes are omitted due to insufficient data. The respective year-classes areindicated 

inside each circle. 

took place in the same region, only two rich year-classes were spawned, 
those of 1904 and 1918. However, during this period the spawning most 
likely occurred somewhat earlier than in the 1930s (RUNNSTR~M 1934, 
DEVOLD 1963), and this feature may have accounted for the long intervals 
between the appearance of rich year-classes. 
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Fig. 27. Time of main spawning during the periods 1929-1939 ar,d 1950-1965, 
(1) within area 08 and (2) within area 07. 

ENVIRONMENTAL CONDITIONS D URING THE EGG STAGE AND EARLY 
LARVAL DEVELOPA4ENT 

Considerations of environmental factors and their effects on develop- 
ing eggs and larvae have mainly been concerned with the temperature 
and thickness of the egg layers. More recently, attention has also been 
drawn to other factors, as for instance predator effect, pollution and 
mechanical forces. 

POSTUMA (1968) showed a relationship between the temperature on 
the spawning bed and year-class strength for Downs and Bank autumn 
spawning herring and suggested that optimum conditions existed at 
around 12°C. In  the 1930s, when the main spawning of Norwegian herring 
took place in the soutiler11 spawning region (area O8), the most frequent 
bottom temperature during the spawning season was !,etween 5 and 6°C 
(RUNNSTR~M 194 l b) . During the period 1959-1 965, when maxi~num 
spawning took place farther north, the temperature varied between 5.5 
and 7.5"C on the spawning grounds between Mare and Lofoten. The 
temperature on the main spawning grounds during the incubation period 
did not vary markedly from one year to another and cannot be associated 
with the year-class strength variations during the period 1959-1965. 

LEA (1930) showed that thick egg layers on the Norwegian spawning 
grounds resulted in a high mortality since eggs in the deepest layers were 



subjected to oxygen deficiency. RUNXSTROM (194lb) did not find a 
distinct increase in mortality with increasing density of eggs, cxcept in 
extremely thick egg layers (10,000 to 12,500 cm3 per m 2  of sea bed), and 
the average mortality for the total egg material collected was 12.1 %. In  
the Firth of Clyde, PARRISH ~t nl. (1959) showed that only very few dead 
and unfertilized eggs occurred in the samples, but the stage of develop- 
ment varied through the egg layer. Recent investigations in same area by 
BAXTER (1968) sl~owed average figures of 3-6% for dead eggs, and there 
was little indication of higher mortality in the lower layers. For North 
Sea herring mortality rates of 0-1 1% (average 4%) were found by 
HEMPEL and HEMPEL (1968). DRAGESUND and NAKKEN (unpublished) 
also ohser\ cd fcw dead and unfertilized eggs on a spawning site near Grip 
in 1968. None of these results include mortality at the hatching stage, 
and mortality during the egg stage seems to be relatively low. 

Howcx cr, gadoid fish feeding on herring eggs have frequently been 
recorded on the spawning grounds both in the North Sea and along the 
Norwegian coast. Nothing is known about the frequency of stomach 
fillings pcr fish during the spawning season or of the number of fish feeding 
on herring spawn. The stomach of an adult haddock normally can contain 
at least the annual egg production of one herring per filling (HEMPEL and 
HEMPEL 1968, DRAGESUND and NAKKEN unpublished). Therefore, the 
predator effect may be of some importance. 

A second phase of mortality occurs during the hatching period. 
Experiments carried out on Pacific herring (GALKINA 1968, TAYLOR 1968) 
indicated that in dense concentrations of eggs the hatching success is 
rather low. The experiments by TAYLOR showed that the productioil of 
viable larvae per unit area often was lower when eggs were packed in 
eight than when only in four layers. It is not known if these results are 
applicable for larger stocks of herring reproducing in the open sea. How- 
ever, LEA (1930) believed that conditions tvere more favourable for 
hatching when small quantities of eggs were distributed over a large area 
than when the spawning was concentrated in a limited region. The 
present material cannot be used for an analysis of egg concentration in 
relation to year-class strength. However, heavy packing of eggs is most 
likely to occur when a large stock spawns during a short period in a 
restricted area. During the period 1959-1965 the spawning within areas 
08, 07 and 06 was more extensive and prolonged in 1959 than in 1962 
(Table 14). 

The hypothesis of critical periods during early larval development 
expounded by HJORT (1914, 1926) has been discussed by several authors 
(e.g. MARR 1956, WIBORG 1957, FARRIS 1960, BEVERTON 1962, GULLAND 
1964, HEMPEL 1965). MARR concluded that although catastrophical 



mortality rates will always remain as a possibility, evidence points towards 
survival at a constant rate or at  a coiistantly increasing rate, rather tllali 
towards the existence of critical periods. GULLAND suggested that mortality 
is very high just after hatching, and that this is common to all year- 
classes. Then tliere is a density-dependent phase in which mortality is 
liigl~er for year-classes with an initially 11igl1 n~unber  of eggs than for one 
witli an initially low number of eggs. According to GULLAND tlicre is 
then a p h ~ s e  during which the strength of a year-class is determined, i.e. 
the phase during which the mortality of an ultimatel-)~ poor year-class 
is higher than that of an  ultimately rich year-class. 1n.l-cstigations by 
SOLEIM (1942) indicated a heavy mortality of larvae when the yolk was 
resorbed. DRAGESUND and NAKKES (1968) estimated a larkal mortality of 
94% between a size of 10 mm and a size of 12 mm in 1967. I t  is likely 
that such a liigh mortality at this stage affected tlie abuildance of 0-group 
lierring ol~served in autumn of 1967 (ANOX. 1967). However, comparable 
larval mortality data for othcr years are not available. Therefore, it is 
not possible to estimatc the influence of early larval mortality on varia- 
tions in year-class strength. 

The extremcs among the year-classes of Norwegian herring spawncd 
during the period 1959-1965 wcrc the rich one of 1959 and the poor ones 
of 1962 and 1965. Invcstigatio~is carried out during the 0-group stage 
(DRAGESUND 1970) showed a considerably higher abundance of the 1959 
year-class than of those produced in 1962 and 1965. These results suggest 
that the mortality of the progeny during the first six months of life may 
liavc been considerably higher for thc two latter year-classcs tlian for that 
of 1959. Indication was found that the variation in the size of the spawn- 
ing stock was reflected in the larval abundance estimates just after 
hatching (Fig. 19A) and it is, therefore, unlikely that any marked 
difference in mortality existed before hatching of tliese year-classes. 

Whvn the larvae have resorbed their yolk sacs, suitable food must be 
available if mass mortality is not to occur. Larvae with poor swimming 
performance and small field of vision can only search a small volume of 
water (ROSEKTHAL and HEMPEL 1968). For larvae witli better visioii and 
better swimming performance, which again is a function of tlie length 
of larvae, the volume of water searched every day is far greater. This 
factor may cause serious competition among larvae during a period of 
low abundance of food. ROSENTHAL and HEMPEL concluded that the very 
young larvae are more endangered by malnutrition than somewhat older 
and larger larvae because they require a higher abundance of food. This 
feature is in line with the hypothesis of a critical phase of starvation after 
the yolk stage, and supports the assumption that a restricted and con- 
ce~ltrated distribution of larvae just after hatching is disadvantageous. 



Advantageous conditions for a high survival of larvae, therefore, should 
exist when the larvae are dispersed in areas of abundant food supply. 

According to B J ~ R K E  (1 968) eggs of Calanus Jinma~chicus constituted 
93% of the number of particles in the gut content of larvae investigated 
in 1967 off Msre during a three-week period from the time of hatching. 
LIE (1965) found that spawning of Calanus jinmarchicus at Sognesj~cn 
started in the first half of March in 1959, whereas the spawning in 1962 
started later, probably in early April. T l i ~ ~ s ,  the spawning of Calanus 
occurred earlier in relation to the l~atching of herring larvae in 1959 than 
in 1962 (Fig. 28). The spring spawning of Calanus is followed by an 
increase in the zooplankton biomass. In  1962 the mean total volume of 
zooplailkton at Sognesj~en in Aprll and May was considerably lower than 
in 1959, indicating less available food for herring in 1962. On the other 
hand, no such differences either in time of spawning or in total plankton 
volume were found between the two seasons at the Skrova and Eggum 
stations in the Lofoten region (LIE 1965). However, these stations are 
located farther north of the areas where the main concentrations of herring 
larvae at  yolk resorption were observed than Sognesj~en is located south 
of these areas. I n  1965 the spawning of Cnlanus took place in February- 
Marc11 at  the Sognesjoen station (LIE 1966) and the hatching of herring 
larvae off More occurred during the second half of March (Fig. 28). The 
hatching of herring larvae off Lofoten occurred relatively early in 1965 
(about 20 March). The spawning of Calanus took place in March-April 
(LIE 1966) and it is possible that the coincidence in time between the 
Calanus spawning and hatching of h e r r i ~ ~ g  larvae in 1965 may have been 
unfavourable. 

The importailce of abiotic factors, as for instance wind direction and 
force i~lflueilcing year-class strength, have been stressed by several authors 
(SETTE 1943, CARRUTHERS et al. 195 1, HILL and LEE 1957, BAKKEN 1966). 
HILL and LEE suggested that there was a positive correlation between 
rich year-classes of Arctic-Norwegian cod and strong southerly wind dur- 
ing the period when the larvae drift from the Lofotcn spawning grounds 
to the Bear Island area. A similar relationsliip was found for herring 
larvae. The northward drift of larvae is hampered in years with relatively 
weak winds or prevailing westerly and northerly winds. This feature has 
probably added to the effect of a concentrated spawning in 1961 and 1962, 
resulting In a relatively restricted distribution. In  1961 a rather rapid 
northward drift took place on the southeri~ spawning grounds just after 
hatcl-ting, wl~ereas farther north the wind had a diminisl~ing effect on the 
~iorthward larval drift and led to a concentrated clistribution. I n  1959, 
1960, 1963 ancl 1964, spawning took placc over a wider area and the 
prevailing so~~therly winds during a i d  just after llatching resulted in a 
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Fig. 28, Time of, (1) main spawning and (2) main hatching of herring compared with 
(3) time of the first spawning of Calaftus fin~narchims at Sogncsjmen (area 07) and off 

Eggum (area 05) in 1959, 1962 and 1965. 

rapid dispersion of larvae from the spawning grounds. Also, the long 
duration of the spawning in these years added to the effect of southerly 
winds and resulted in a dispersed distribution. 

BENKO and SELIVERSTOV (1968) and POSTUMA (1968) concluded that 
the water temperature during the larval and postlarval periods is an  
important factor controlling the success or failure of recruitment. BENKO 
and SELIVERSTOV found a positive correlation between the surface 
temperature during the larval stage and the year-class strength of Nor- 
wegian herring for the period 1948-1965. The underlying meclzanism of 
the effects of temperature on larval mortality is complex. Temperature 
affects metabolic rate, i.e. incubation time, rate of growth, rate of resorp- 
tion of the body reserves, swimming speed, food demand, etc. (BEVERTON 
and HOLT 1957, HEMPEL 1965). I t  also affects the abundance and species 
composition of food plankton and predators. If the larvae are distributed 
in water with a relatively high temperature immediately following hatclz- 
ing, they may pass rapidly through critical stages. NAKKEN (1966) has 
shown a positixre correlation between high temperatures in the coastal 
water and the current velocity. The relatively high temperatures founcl 
off Ona, Sula (near Nordoyane) and Myken (near Tra.:na) in March and 
April 1959 and 1960 and partly in 1961, 1963 and 1965 (BENKO and 



Table  14. Summary o f  factors considered t o  be of importance i n  determining year-class strength of  Norwegian herring compared wi th  
abundance estimates obtained at the 0-group stage and at six ycars of  age for the 1959-1965 year-classes. 

I 

Spawning year 
Factor Area 1 

1959 1960 1961 1962 1963 1964 1965 
I 

- 

Spawning stock size i n  mill. 07 i 5.5 4.5 ? 3.5? 2.5 2.9 4.2 7.3 
tons (Fig. 2 )  06 

Mean age of  spawning stock 07 9.5 10.3 10.7 11.7 12.2 8.7 7.8 
(Table  6 )  06 (: - - 11.7 11.6 - 5.4 

05 - - - - 3.9 4.9 5.7 

Extension o f  spawning area, 08 
indicated b y  number of  rect- 07 
angles, whcre herring i n  06 
spawning and spent condition 05 
werc caught (Table 8 )  

Approximate northward dis- 
placement ( i n  nautical miles) 07 
o f  spawning centres, reference 
year 1959 (Fig. 3 )  06 

2 0 0 0 0 0 0 
8 8 6 4 5 5 5 
9 9? 5 ? 7 6 7 9 
? ? ? ? 5 5 6 ff; 0, 

Centre: 
O f f  Stad 30 60 60 70 90 90 
Halten- 
S!clinna 0 0 0 0 0 0 

Duration o f  spawning season 07 1 3Y 30 30 20 20 2 0 2 0 
i n  days (Fig. 4 )  05 - - - 10 10 2 0 

Date of  main spawning 5-9.3 5-9.3 10-14.3 15-19.3 10-14.3 5-9.3 28.2-4.3 
O7 1 - (Fig. 4 )  05 - - 25-29.3 25-29.3 28.2-4.3 

Spawning ratc (Table 10) 3.8 5.9 6.3 8.7 ? 5.3 5.3 
O7 1 - 05 > - - -- 22.0 10.3 

Date of  main hatching 26.3-5.4 23-31.3 29.3-3.4 4-6.4 30.3-1 1.4 25-26.3 20-25.3 
(Fig. 7 )  05 - - - 16-26.4 15-19.4 20-23.3 



325" 342" 45" 
85 55 90 

334" 50" 35" 
180 100 75 
310" 326" 5 " 

75 60 20 

1Feb.-March Feb.-March Feb.-March 
April April April 

Direction and relative strength 07 
of the mean wind vectors for 
March-April (Fig. 21) 06 

05 

1965, 1966) I 
147.4 37.5 14.8 53.6 75.0 9.1 Year-class strength a t  six 325.8 

months of age, echo abund- 
ance index X (DRAGE- 

20" 34" 
120 60 
357' 354" 
160 190 
20" 12" 

130 200 

SUND 1970) i 
0.03 - - - Year-class strength at six years 

% 1.8 0.5 -.I 

of age (in mill. tons) 

First spawning period of Sognesjoen 1-15.3 
Calanzls . finmarchicus (LIE Eggum 1-15.4 



SELIVERSTOV 1968) also may have been associated with higlier velocity 
of the coastal current those years than in 1962 and 1965 when lower 
temperatures were found at these stations. 

Table 14 compiles information from preceding chapters on factors 
to be of importance in determining year-class strength of herring during 
the period 1959-1965. Thc data indicate that within the range of observed 
stock size a relationship might exist between the parent stock and abun- 
dance of the resulting year-classes when favourable conditions occurred. 
However, in most of the years during the period 1947-1965, year-class 
strength was determined by a complex of other factors which completely 
ruled out the effect of the parent stock size. The following factors are 
considered to be most important in determining year-class strength : 

1) the extent of the spawning area; 
2) tlie duration of the niain spawning season; 
3) the rate of dispersion of larvae from the spawning grounds; 
4) the coincidence in time between tlie availability of suitable food 

and hatching of herring larvae. 

In  1959, 1960, 1963 and 1964, spawning was extensive and prolonged 
with a rapid dispersion of larvae from the different spawning grounds. 
The opposite conditions existed in 1962. In  1965 spawning was extensive 
and in 1961 relatively prolonged, but the conditions for transport of the 
larvae during the period after liatcliilig resulted in a concentrated dis- 
tribution. The gradual northward displacement of the main spawning 
centre during the last two decades probably has increased the importance 
of the timing factor, since only two definitely numerous year-classes 
occurred during the period 1950-1965, namely those of 1950 and 1959. 

SUMMARY 

1. Variation in year-class strength of Norwegian spring spawning 
herring is analysed in relation to the structure and the size of the spawning 
stock, the location and the time of spawning and environmental conditions 
during the egg stage and the early larval development with special 
reference to the 1959-1 965 year-classes. 

2. Stock size estimates were obtained from tagging experiments, and 
the number of eggs spaw~led in each year was calculated from fecu~ldity 
data in the literature. Tlie highest figure for the stock size (7.3 million 
tons) was found in 1965. Tlie stock size had its lowest figure in 1962 
when it was about 2.5 million tons. 

3. The location of spawning was determined from the distribution of 
catches of spawning and spent herriilg and from the distribution of newly 



hatched larvae. During the period 1959-1965 the most important spawn- 
ing took place off Ahre, i.e. on the shelf between Stad and Grip, and 
mainly in depths of less than 200 m. Spawning south of Bergen was 
negligible except in 1959. During the entire period spawning took place 
off Halten and Sklinna, whereas spawning at  Lofoten was more spo- 
radic. 

4. The duration of the spawning season was determined from the 
maturity composition of herring collected several times a week during 
.the spawning season. Off More spawning was late in 1962 (1 5-1 9 March) 
and early in 1965 (28 February-4 March). I n  1963 spawning off Lofoten 
occurred about two weeks later than off More, and in 1964 three weeks 
later, whereas in 1965 spawning took place about simultaneously in the 
two regions. 

5. The time of main hatching was estimated by adding an incubation 
period of generally 18-24 days (depending on the temperature) to the 
time of main spawning. Approximate figures for the incubation periods 
were obtained from the literature. 

6. The distribution of herring larvae during the first month after 
hatching was analysed for the period 1959-1965. The larvae were collected 
with Clarke-Bumpus plankton samplers in  oblique hauls during regular 
surveys covering the coastal banks between Stad and Lofoten. Factors 
affecting larval abundance estimates are discussed, and a general descrip- 
tion of the vertical distribution and diurnal migration of herring larvae 
is given. The geographical distribution of larvae was analysed in relation 
to the spawning grounds. The drift of larvae was inferred from subsurface 
drogue experiments, wind observations and drift bottle experiments. 
Larval length was analysed in relation to the time of spawning. During 
the first month after hatcl-ting the larvae were concentrated near the 
coast, and almost no larvae were found outside the edge of the shelf. A 
more concentrated distribution of larvae was observed in 1961, 1962 and 
1965 than in the other years considered, The larvae are transported 
northward in coastal water and the force and direction of the wind play 
an important role in determining the distribution pattern of larvae. 

7. The results indicated that within the range of observed stock sizes 
a relationship may exist between the parent stock and abundance of the 
resulting year-classes when favourable conditions occurred. However, it 
is likely that the year-class strength was determilled by a complex of other 
factors w~hic1-r completely ruled out the effect of parent stock size in most 
of the years. Conditions assumed to be advantageous fo1- the development 
of strong year-classes were inferred from the present ancl other investiga- 
tions. Strong year-classes seemed to occur when a combinatioll of the 
following collditions existed : 



1) widespread distribution of spawning; 
2) long duration of the spawning period; 
3) a rapid dispersion of larvae from the spawning grounds. 

In  1959, 1960, 1963 and 1964, spawning was extensive and prolonged and 
with a rapid northward dispersion of larvae from the different spawning 
grounds. I n  1962 the opposite conditions existed. Spawning was extensive 
in 1965 and prolonged in 1961, but the transport conditions during and 
after the yolk sac stage resulted in a coilcentrated distribution pattern. 

8. The coincidence in time between the occurrence of suitable food 
and hatching of herring larvae is assumed to be the most important 
environmental factor controlling year-class strength during the early 
larval development. The gradual northward displacement of the main 
spawning centre during the last decades probably has increased the 
importance of the timing factor, since oilly two definitely r icl~ year-classes 
occurred during the period 1947-1965, namely those of 1950 and 1959. 
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TABLES 

Table I. Number of larvae below 1 mZ of surface caught with Clarke-Bumpus plankton 
samplers in two subsequent pairs of oblique hauls off Halten in 1964. 

Table 11. Kumber of larvae below 1 m2 of surface caught in oblique hauls with pairs 
of Clarke-Bumpus plankton samplers attached 1 m apart, off Eggum (23-29 April) and 

off Trsena (30 April-1 May) in 1964. 

Series 1 Series 2 
Date 

Hour 25-5 m 50-30 m Total ( Hour 25-5 m 50-30 m Total 
I t 

Series 2 
Hour 49-29 m 50-30 m 

0320 338 2 80 
0505 348 263 
1315 135 161 
1715 67 42 
21 10 43 2 3 
01 10 106 49 
0508 132 58 
0910 134 82 
0105 12 1 I 
0524 0 0 
0940 2 0 

Series 1 
Date 1 

Hour 24-4m 25-5 m 

23.4 

28.4 

28-29.4 
29.4 

30.4-1.5 
1.5 

01 15 162 2 90 
- - - 

1105 27 50 
1455 43 47 
1900 69 70 
2310 69 120 
0310 76 64 
0705 8 7 85 
2345 3 1 29 
0300 2 10 
074 1 10 2 3 



Table 111. Number of larvae below 1 m2 of surface caught in oblique hauls with 
Clarke-Bumpus plankton samplers close to subsurface drogues at drift station 2 off 
Sklinna (18-19 April, 1964); at drift station 4 off Eggum (28-29 April, 1964) and at 

drift station 5 off Frnya (9-10 April, 1965). 

Date 1 Hour 25-5 m 

5 5 10 
0 0 0 
9 13 22 
6 12 18 

64 7 7 1 
39 2 41 
49 16 65 
29 9 38 
6 12 18 

13 6 19 
2 2 4 
9 4 13 
2 4 6 

50-30 m 75-55 m 1 Total 
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Table 1V. Composition (in %) of the maturity stages of Norwegiall herring in five- 
day periods during the spawning seasons in 1959-1965. 

Maturity stage 
Area Date 1 No. 1 IV v VI VII 

08 1959 23-27.2 177 
28.2-4.3 89 

5-9.3 2 72 
10-14.3 188 
15-19.3 90 

4.0 48.6 36.1 11.3 
- 9.0 85.4 5.6 
- 9.9 83.5 6.6 
- 2.1 74.5 23.4 
- - 90.0 10.0 



Table IV (continzled) 

Area 1 Date I No. 1 Maturity stage 
IV v VI VII 

I 
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DISTRIBUTION, ABUNDANCE AND MORTALITY OF 
YOUNG AND ADOLESCENT NORWEGIAN SPRING 
SPAWNING HERRING (Clupea harengus Linnt) IN RELATION 

TO SUBSEQUENT YEAR-CLASS STRENGTH 

BY 
OLAV DRAGESUND 

Institute of Marine Research, Bergen 

I N T R O D U C T I O N  

Doubts regarding the reasons for a decreasing yield of the herring 
fisheries in the southern North Sea and in the Norwegian Sea during the 
1950s and early 1960s have caused fishery biologists to pay close attention 
to problems concerned with recruitment to the fishable stocks of herring. 
Nursery areas have been identified, and variations in distribution and 
abundance of young herring in relation to subsequent year-class strength 
in the adult stock have been studied (e.g. BERTELSEN and POPP MADSEN, 
1956, 1957, DRAGESUND and OLSEN 1965, SAVILLE 1968, WOOD 1968). 
Growth and migration of adolescent herring in relation to recruitment 
to the adult stock were investigated by CUSHING (1962), ZIJLSTRA (1963), 
PARRISH and SAVILLE (1965) and ~ S T V E D T  (1965), and the fisheries for 
young herring and their effects on subsequent yield of the adolescent and 
adult herring fisheries have been analysed by DEVOLD (1953, unpublished), 
CUSHING (1959), MARTI and FEDOROV (1963) and PARRISH and SAVILLE 
(1967). 

Until recently little was known about the biology of the early stages 
of Norwegian spring spawning herring, subsequently referred to as 
Norwegian herring. LEA (1929) was of the opinion that most of the 0- 
group herring entered the fjords of western and northern Norway and 
were distributed in coastal waters, but at that time no attempt liad been 
niade to search for 0-group herring in the open sea. DEVOLD (1950) 
showed that 0-group herring of the rich 1950 year-class were distributed 
far offshore in the northeastern part of the Norwegian Sea, and he 
suggested that only a small part of the total 0-group population entered 
the Norwegian fjords. This view was not shared by MARTI (1956), who 
held that most of the 0-group herring were to be found along the coast 
and in tlie fjords of Norway. 

LEA (1929) held the opinion that 0-group herring entering the fjords 
emigrated during the fat-herring stage (at an age of two to three years). 



He demonstrated that the development from the immature fat-herring 
to the adult herring took place through an intermediate oceanic stage. 
The fat-herring which migrated from the fjords of northern Norway did 
not appear on the spawning grounds the following year but arrived two 
to four years later, having remained in the open sea during this period. 

From more recent investigations (DRAGESUND and HOGNESTAD 1960, 
DRAGESUND and OLSEN 1965, DEVOLD 1968, JAKOBSSON 1968, ANON. 1969) 
it can be stated that the distribution of young and adolescent Norwegian 
herring is widespread and ranges from the fjords of northern Norway to 
the open ocean of the Norwegian Sea and the Barents Sea and varies with 
the different year-classes. 

A fishery whicl~ is of coi~siderable importance to the population 
dynamics is carried out on young and adolescent herring in Norwegian 
coastal waters. This fishery can be divided into two components, (1) that 
based on the small-herring (sm2sild), i.e. mainly 0- and I-group fish 
with the former predominating, and (2) that based on the fat-herring 
(feitsild), i.e. I- to IV-group herring with the 11- to 111- group pre- 
dominating. Since the industrial small-herring fishery started in the 
1910-1914 period, great attention has been paid to the effects this fishery 
may have on the recruitment to the older age groups. Although LEA 
(1 924) and DEVOLD (1953) did not find any connection between the catch 
of small-herring and the subsequent yield of the fat-herring fishery and 
could not recommend any regulation of the 0- and I-group herring 
fishery, many Norwegian fishermen have maintained that the exploitation 
of small-herring affected both the fat-herring fishery and the fishery for 
adult herring. 

Soviet scientists have seen the low recruitment to the adult stock 
during the late 1950s and early 1960s as a consequence of the industrial 
fishery on small-herring in the Norwegian fjords (MARTI and FEDOROV 
1963). DEVOLD (1 963), however, argued that the decline of the Norwegian 
winter herring fishery was caused by a series of poor year-classes, which 
were the results of changes in environmental factors and the migration 
pattern and subsequent changes in the time and area of spawning. Since 
no clear relationship has been found between the exploitation of 0- and 
I-group herring and subsequent year-class strength in the adolescent ancl 
adult stocks, the Norwegian Government has so far not introduced any 
rigid regulation of the small-herring fishery. However, since 1963 it has 
been prohibited to land catches of small-herring from 1 February to 30 
April consisting of more than 50% of herring below a total length of 
15 cm (north of 64" N) or 16.5 cm (south of 64" N). 

Comprehensive investigations of distribution, abundance and mor- 
tality of young and adolescent herring in coastal and offshore waters of 



northern Norway were initiated in the autumn of 1959 by the Institute 
of Marine Research, Bergen, in order to examine whether the exploitatioil 
of 0- and I-group herring in the Norwegian fjords has any primary 
impact on subsequent year-class strength in the adult stock. In  a previous 
paper (DRAGESUND 1970) spawning characteristics and environmental 
conditions during early larval devcloprnent were analysed as factors 
which may have influenced the strengths of the 1959-1965 year-classes 
of Norwegian herring. 

Thc aim of the present paper is to 

1) describe the distribution of the 1959-1965 year-classes during the 
young and adolescent phases; 

2) determine when the 0-group herring, which enter tlie fjords in 
autumn, migrate from the fjords, and investigate whether 0-group 
herring occurring far nortli and east off northern Norway migrate 
as adults to the spawning grounds off Mare; 

3) study the variations in abundance of young and adolescent 
herring, i.e. small- and fat-herring; 

4) estimate the mortality rates of 0- and I-group herring in tlie 
Norwegian fjords. 

These items are discussed in relation to subsequent year-class strength 
in the adult stock. 

MATERIAL A N D  METHODS 

The material includes data from acoustic surveys, tagging experi- 
ments, herring samples and catch statistics. The statistical methods applied 
are those given in text books of statistical analysis (SNEDECOR 1956, 
GODSKE 1966). Geographical names and code numbers for areas appear- 
ing in the text are shown in Fig. 1. 

ACOUSTIC SURVEYS 

Every autumn during the period 1959-1 965 the distribution and 
abundance of young and adolescent herring in the coastal and offshore 
waters of northern Norway were studied from combined acoustic surveys 
and fishing experiments with pelagic trawl and purse seine (I\/IIDTTuN 
1959, DRAGESUND 1959, 1961, 1962, 1964, DRAGESUND and HOGNESTAD 
1962, HOGNESTAD 1963a, OLSEN 1960, ANON. 1965a). More detailed 
investigations during the same period were carried out in tlie fjords of 
northern Norway in collaboration with the Marine Biological Station, 
Tromss. Special attention was paid to the Hamarfjord-Ullsfjord-Lyngen- 



Fig. 1. Names and code numbers of areas mentioned in the text. 

fjord complex and to the Porsangerfjord, and usually these fjords were 
investigated twice a month from September to May (HOGNESTAD 1960, 
1961, 1962, 1963b, 1964). I n  1962 and 1963 observations were also made 
during early summer in limited regions off Troms and Finnmark, and for 
the years 1960-1963 information is available from acoustic surveys carried 
out in winter and early spring off Finnmark and in the Barents Sea 
(MIDTTUN 1960, 1961, MOLLER et al. 1961, MOLLER 1963). 

All the ships were equipped with vertical echo sounders and horizontal 
ranging sonars, and during the surveys the acoustic instruments were 
operated continuously. Except on the cruise in early summer of 1963, 
when the ship was equipped with a Kelvin Hughes echo sounder (MS 29, 



30 kHz) and sonar (Mk2, 48 kHz), Simrad echo sounders (51 3-1, 38.5 
kHz and 513-5, 18 kHz) and sonar (580-1, 30 kHz) were used. The 
sensitivity control of the Simrad echo sounders is regulated in steps from 
1 to 10 and during all surveys the 38.5 kHz echo sounder was set at step 7 
and the 18 kHz echo sounder mainly at step 4. In  1962 the Norwegian 
research vessels "G. 0. Sars" and 'yohan Hjort" were equipped with 
Simrad Research Sonar (580-10, 11 kHz), and from that year onwards 
a third echo sounder working on 30 kHz (580-10) was also used. 
However, the 38.5 kHz echo sounder has been used as standard equipment, 
and all the recordings have been graded according to observations made 
with this machine. 

For every five nautical miles steamed, the echo traces of 0-group 
herring were plotted according to the following density classification 
(Fig. 2) : 

1) very scattered (barely visible on the recording paper) ; 

2) scattered (the middle stages between black and white paper) ; 

3) dense (recording paper nearly black, but with no indication of 
"white-line effect ", which occurs when the density of the scatterers 
is especially high) ; 

4) very dense (recording paper black with "white-line effect"). 

The most favourable conditions for estimating the abundance of 
herring exist during darkness when the fish are dispersed (Fig. 2, A to D) 
and occur as a continuous series of traces (scattering layer) on the record- 
ing paper. However, the shoaling concentrations recorded during the 
day (Fig. 2, E and F) were converted to night time abundance values. 
By frequently surveying the same area both by day and by night, factors 
to convert the day recordings to night time abundance values were 
established. 

During the surveys herring were caught either with Isaacs-Kidd ten 
foot midwater trawl ( IKMT) (ISAACS and KIDD 1953) or a larger pelagic 
trawl (modified capelin trawl) with headline and footline of 18.3 m, 
sidelines of 15.3 m and mesh size from 100 mm (wings and square) 
graded down to 8 mm (cod end). On some cruises a commercial herring 
purse seine of 8 mm mesh size was also used. Table I gives more details 
of the fishing experiments conducted during the surveys. In  order to 
establish the relationship between wire angle and depth of trawling, an 
echo sounder transducer was attached to the depressor of the I K M T  
during some of the cruises, and a depth-time recorder was used on the 
larger pelagic trawl. The towing speed of the I K M T  was usually 5-6 
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Fig. 2.  Echo recordings (Simrad echo sounder 38.5 kHz set at  step 7) of sound scatteras 
identified as 0-group herring, by night (A) to (D) and by day (E) acd (F). The densities 

of recordings (E) ar.d (F) are comparable with those of (B) acd (C), respecti\rely. 

knots, and the larger pelagic trawl was towed at 3-4 knots. The dimen- 
sions of the pelagic trawl used by the research vessel of Marine Biological 
Station, T r o m s ~ ,  were : Headline, 15.0 m, footline, 19.0 m, and sidelines, 
4.0 m with mesh sizes graded from 50 mm to 8 mm. 

IDEN TIFICA T I 0  N OF SO UND SCA TTERERS 

During the 1950s sound scatterers were frequently recorded in the 
top layers of water in the Barents Sea, and some success was achieved in 
identifying them by underwater photography (MIDTTUN and SATERSDAL 



1959). However, 110 systematic ro~ttine programme of identification was 
developed until 1959. From material collected during the present surveys 
it has been demo~lstrated (DRAGESUND and OLSEN 1965) that during late 
summer and early autumn 0-group fishes of different species, such as 
herring, cod (Gadus morhz~n Linnt) , haddock (n/ielaizograrnmus aegleJinus 
Linnt), redfish (Sebastes marinus LinnC), capelin (Mallotus villoszu Miiller), 
and long rough dab (Hippoglossoides platessoides Fabricius) occurred pela- 
gically as scattering layers in the upper 100 m of water in the Barents 
Sea and adjacent waters. 

The 0-group herring generally tvere founcl in the upper 50 m of water. 
During daytime they were found at depths from 25 to 50 m, while at  
night they came closer to the surface, dispersed and appeared as a con- 
tinuous layer on the recording paper. In  the daytime the herring clustered 
in shoals (Figs. 2 and 3).  Both experimental fishing and analysis of the 
echo traces as well as underwater photography have been used to identify 
the sound scatterers during the acoustic surveys for 0-group fish. Com- 
parisons between the I K M T  and the larger pelagic trawl catches showed 
that the former trawl was not catching 0-group herring efficiently during 
the daytirne and that older age groups were caught only occasionally. At 
night, however, when 0-group herring were distributed in typical scatter- 
ing layers, they were caught frequently with IKMT. The 0-group herring 
were easily caught with the larger pelagic trawl both at night and day 
whenever they were present. The larger trawl was not reliable for catch- 
ing fat-herring when these occurred in daytime shoals, but when the 
herring dispersed at night they could be caught with this gear. The purse 
seine was definitely the most reliable gear for identification of the sound 
scatterers, but because of the rather complicated fishing procedure 
involved, it was not found suitable for routine sampling. I t  was found 
necessary to identify the scatterers rather frequently, and therefore the 
larger pelagic trawl was chosen as the most convenient sampling gear, 
supplemented with the purse seine at  selected stations. 

When bad weather prevented fishing, identification was made from 
the echo traces, showing the shoaling behaviour of the fish and the 
difference in target strengths of the various species. By coinparing the 
echo traces at  the fishing stations with the catches obtained, it was found 
that 0-group capelin and long rough dab had a lower target strength than 
0-group herring, redfish, cod and haddock. The four latter species, 
however, were difficult to separate on the basis of target strength alone. 
The 0-group cod and haddock were usually found somewhat deeper than 
the herring, and during daytime they showed a different shoaling pattern 
(Fig. 3, A and B). The 9-j;roup herring formed shoals of somewhat 
denser concentrations and t ould easily be distinguished by sonar also 
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Fig. 3. Echo recordings of 0-group fish by day, (A) cod or haddock or both and (B! 
herring (top left) and cod or haddock (Simrad research echo sounder 30 kHz set at 
step-18db), (C) herring recorded above the thermocline (Simrad echo sounder 38.5 
kHz set at step 7), (D) bathythermogram from the same region, (E) herring and redfish 

and (F) herring (Simrad research echo sounder 30 kHz set at step-18db). 



when they occurred in the scattering layer together with other 0-group 
fishes, e.g. redfish (Fig. 3, E and F).  

The shoal pattern of older age groups of herring is very characteristic 
and could usually be identified on the echo recordings, except in the 
western part of the investigated area where shoals of adult herring some- 
times were difficult to distinguish from blue whiting (Micromesistius 
poutassou Risso). I n  such cases a distinction was made possible by increas- 
ing the resolution of the sounder by decreasing the pulse length. During 
early autumn fat-herring and adult capelin were rarely encountered in 
the same areas, while during winter and early spring fat-herring and adult 
capelin frequently occurred together, especially off the Finnrnark coast. 
I n  this period echo recording analysis together with fishing experiments 
were necessary to identify the sound scatterers. 

Only on a few occasions during the Barents Sea surveys was under- 
water photography used for identification (MIDTTUN 1959, HOGNESTAD 
1963a, OLSEN 1966), mainly because the equipment was technically 
inadequate for routine use. Fishing experiments combined with analysis 
of echo trace pattern thus have been used as principle methods for 
identification of the sound scatterers. 

TAGGING EXPERIMENTS 

Most of the tagging experiments were carried out during acoustic 
surveys with the R/V. "G. 0. Sars", which on these occasions was equipped 
for purse seine fishing. The herring were tagged with internal steel tags 
which measured 15 x 2  x0.5 mm for 0-group herring and 20 x 3  ~1 mm 
for adolescent herring. A special tagging device was developed for the 
small tags (DRAGESUND and HOGNESTAD 1960). The large tags were 
inserted by means of Aasen's tagging gun (FRIDRIKSSON and AASEN 1952). 
The fish were taken individually from the purse seine and released into 
the open sea immediately after tagging. The fat-herring tagged in 1963 
were obtained from commercial purse seiners, the herring being trans- 
ferred to a depository net before tagging. The number of herring tagged 
in the different localities are listed in Table 11. 

Although experiments on I-group and older herring tagged with 
internal steel tags show relatively low tagging mortality and low shedding 
of tags (FRIDRIKSSON and AASEN 1950, 1952, DRAGESUND and HARALDSVIK 
1968), these factors are the most important causes of loss of tagged herring. 
No decisive experiments have been carried out on 0-group herring, but 
the experiments performed with I-group herring in tanks (DRAGESUND 
and HARALDSVIK 1968) showed a tagging mortality of 10.1% and a 



sliedding of tags of 5.1 %. These figures are used in this analysis to calculate 
tlie number of effectively tagged herring. 

Nearly all tags were recovered at  Norwegian reduction plants where 
magnets are installed for detecting the tags. Tlie magnets were tested 
every autumn. The efficiency of the magnet at each factory multiplied 
by tlie quantity of herring processed gives tlie effective quantity of herring 
processed. The procedure for testing tlie magnets and tlie routine for 
collecting data on the catches reduced and tags recovered at Norwegian 
plants are described by AASEN (1958) and DRAGESUND and HARALDSVIK 
(1 968). 

HERRING SArVIPLES 

In addition to samples collected duriilg the acoustic surveys, herring 
samples, generally consisting of 100 specimens, were collected throughout 
the year from commercial catches. The herring were examined fresh, or 
frozen material was brought to the laboratory for examination. The weight 
was recorded in g. Total length was measured to the nearest half cm until 
January 1963. After this date, following a recornmelidation by the Inter- 
national Council for the Exploration of tlie Sea (ANON. 1963), the length 
was measured to the l-ralf cm below. A correction of 0.25 cm has therefore 
been added to the mean lengths of herring in samples collected after this 
date to make the mean lengths comparable with earlier recordings. No 
correction can be made for comparisons of the length frequency dis- 
tributions and lengths of individual fish. The discrepancy, however, is of 
minor importance in the present study. Frozen herring showed a total 
length shrinkage of about 1.5% when compared with fresh specimens. 
No correction has been applied to compensate for this shrinkage. 

Scales were used for age determination, and estimates of I,, 1,. . . l,, 
(the total length of a fish at the formation of tlie first, second, etc. winter 
ring) were obtained from scale measurements by using the simple pro- 
portional growth formula 

where s, refers to measurements on the scale from the basal line to tlie 
nt" winter ring, S to the edge of the scale, and L is the total length of the 
fish (LEA 1910, ANON. 19G3). Because the method of measuring the total 
length was changed, there is a bias in 1 ,. . . 1 ,  for samples collected after 
January 1963 compared with those collected prior to this date. However, 
back-calculations were based on the 1959 year-class, and the bias in mean 
annual increments for this year-class is relatively small because the mean 



length of the scales (S) is large compared with the mean annual incre- 
ment on the scales (<-$-,) from 1963 onwards. Therefore, 

may be almost negligible. AZ = 0.25 cm, which is the difference between 
means of total lengths measured before and after January 1963. 

CA TCH S TA TIS TICS 

Catch statistics of small- and fat-herring of the Norwegian landings 
were obtained from the official fishery statistics (ANON. 1961-1962, ANON. 
1963-1969). Statistics for landings by foreign vessels were derived from 
a report of the Atlanto-Scandian herring working group (ANON. 1969). 
Supplementary catch data were also recorded at  reduction plants by 
inspectors who classified every landing of small- and fat-herring into 
size groups accordiiig to the number of fish per kg. Statistics on catch 
and participation of vessels in the small- and fat-herring fisheries also 
were supplied from the fishermen's sales organization, Feitsildfiskernes 
Salgslag. 

D I S T R I B U T I O N  AND M I G R A T I O N  

RECORDS FROM ACOUSTIC SURVEYS 

Young herring 

The 1959 observations were the first in the present series, and the 
research programme had not been fully established at  that time. Additional 
observations on the 0-group herring distribution, therefore, were procured 
from catch data and echo recordings of other fish surveys in the areas around 
Bear Island and on the western banks off West-Spitsbergen (G. SZTERS- 
DAL personal communication, J. CORLETT personal communication). 

In  the autumn of 1959 0-group herring were observed over large 
areas and in dense concentrations (Fig. 4). The distribution this year, 
therefore, is of particular interest. The concentrations of herring along 
the coast were generally scattered south of Vestfjord. Dense concentra- 
tions were observed particularly in the outer part of the Vestfjord, off 
VesterAlen and at the entrance of the fjords between Hamarfjord and 
Varangerfjord. At the time of the surveys only scattered shoals were found 
in the inner parts of the fjords of northern Norway. The records clearly 
demonstrated that the 0-group herring had a wide oceanic distribution 
with the densest concentrations in the southern part of the Barents Sea, 
but that they were also numerous in the northern part of the Barents Sea 
and towards the edge of the shelf off Bear Island. 



Fig. 4. Survey routes and distribution of 0-group herring in the autumn of 1959, 
(1) very scattered and scattered, (2) dense and very dense concentrations, (3) 0-group 
herring caught by bottom trawl with cover net and (4) 0-group herring identified 

from stomach contents of cod. 

A similar pattern was found in 1960 and 1964 (Figs. 5 and 9) and 
partly also in 1963 (Fig. 8), whereas in 1961 and 1962 (Figs. 6 and 7) the 
0-group herring were more restricted to the coastal belt. In  1965 herring 
were observed in two separated small regions in the open sea, i.e. between 
Bear Island and the Norwegian coast and along the edge of the conti- 
nental shelf towards northwest of Bear Island to the southern part of West- 



Spitsbergen (Fig. 11)). In all the years concentrations of O-group herring 
were observed along the coast, at the entrances to the fjords. 
Between the coast of northern NOSW;W and Be. Island O-group herring 
were recorded in 1964 and 1965, but in these years the surveys were 

carried out earlier than in the previous years> and the herring 

would ham nmved fasther east at a later d a t e  The densest concentrations 
were observed in 1959, but dense concentrations were 
1960, In 1962 and 1965 the concentrations Were very 

~h~ distribution of 0-group herring indic;oes that postlarval fish are 

transported dong the path of the most important currents Off 

northern Norway and in the Barents sea (Fig 1 1 )  The herring larvae 
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Fig. 6. Survey routes and distribution of 0-group herring in the a u t o m  of 1961, 
Legend as in Fig. 4. 

are transported northwards by the coastal current during the first few 
months after hatching (DRAGESUND 1970). When passing the banks off 
Troms, the drift of the larvae becomes more influenced by Atlantic water 
which in this area is intensively mixed with the coastal water (LJBEN 
1962). At the entrance of the Barents Sea the water masses split into 
several branches (Fig. 1 1). One branch proceeds northwards to form The 
West-Spitsbergen Current, and two eastward branches separate off Tors- 
viig (N 70' 30') where the shelf is wide. One of these flows along the coast 
of West-Finnmark (The North Cape Current) and the other continues 
towards the northern Barents Sea (Central Bank). The Nortlr Cape 
Current again splits into two branches, one along the southern and 



nortllern slopes of Goose Bank and the other passing near Murma11 

coast. Therefore, herring are always f o ~ n d  along the coast. Wheil 
the main spawning gro~~nds  are located asfar north as off Mare, 0-group 

lIenillg are generally more abundant 011 the nortlern than on llle weste:ll 
coast of ~ o I w a y  ~t CIIIIIO~ be determined from the Present miterla' 
,lletller tile difference in distribution found between the different Yean 
,as by /Iydloglilllhi~ conditiol~~ during 1111 postlarva pB P ~ ~ ~ ~ . ~ '  

f u n  a t  larvae were more widely dispersed lil 
1959, 1960 and 9 1 in 1961 11' 1962 (DRAGES~.~  l g 7 0 )  ThF 
may e x p a n  h Y  t h d  i t  r e  in a i d  oCeanlC 

distribution in 1959, 1960 and 1964. The particularly dense concentram 



Fig. 8. Survey routes and distribution of 0-group herring in the autumn of 1963. 
Legend as in Fig. 4. 

tions of 0-group herring in 1959 and 1960 indicated that the survival 
during the larval and postlarval phases was relatively high. 

In  late autumn a major part of the 0-group herring in offshore waters 
is concentrated along the fronts between the cold arctic water and the 
warmer water masses which cover the area west of Spitsbergen-Bear 
Island and the central and southeastern parts of the Barents Sea. Herring 
in this area will generally live in colder water during the late 0-group and 
early I-group stages than those accumulating along the coast and in the 
fjords, especially west and south of North Cape. The distribution of 
0-group herring in relation to temperature is shown for the two extreme 
years 1959 and 1961 (Fig. 12). 





autumn migrate farther into the fjords later in the autumn. The sitllatioli 
in 1959 has been chosen to illustrate the characteristic distribution of O- 
group herring during the immigration period (Fig. 13). Investigations 
carried out in northern Norway, mainly in the Ullsfjord region (Hamar- 
fjord, Ullsfjord and Lyngenfjord) and in the Porsangerfjord, demonstrated 
that the 0-group herring remained in the fjords througl~out the alltumll 
and as I-group the following winter, i.e. the wintering period. A gradual 
emigration took place from March to hilay. 

This general distribution pattern was also found in many other fjords 
along the coast of northern Norway. Slight variations in the behavioLil- 
during the immigration and wintering periods were found between fjorcIs 



> 1.0 

Fig. 1 I ,  General system of water currents off northern Norway and in the Barents Sea 
(modified from TANTSURA 1959). 

and from one year to another. The Ullsfjord region in Troms and the 
Porsangerfjord in Finnlnark were selected to study tlrese variationn A 
description is given only for the wintering period from the autumn of 
1959 to the spring of 1960 as this is assumed to represent the normal 
conditions. 

In early October dense concentrations of herring were located just 
inside the entrance of Hamarfjord, while in Ullsfjord only few and 
scattered slroals were observed (Fig. 14A). During tlre following two weeks 
a further immigration took place, and in late October dense concentra- 
tions were recorded from the entrance to the central part of Ullsfjord 
(Fig. 14A and B). During the migratio~r from Hamarfjord to Ullsfjord 
the herring were distributed at depths of 10-40 m. At night the herring 
dispersed, and in the day the fish clustered more closely together. During 
immigration, the temperature in the surface water in Ullsfjord was uni- 
form except for a slightly lower temperature in the upper 20 m in the 
iir~lermost part of the fjord (Fig. 14C). 



Fig. 12. Distribution of 0-group herring in relation to temperature ( O C )  at 50 m depth 
in the autumn of 1959 and 1961. 
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HAMARFJORD 7 - 9  OCT UI I S F l n R n  

- 
NAUTICAL M I L E S  

Fig. 14. Distribution of 0-gmup herring in the autumn of 1959, (A) in the Ullsfjord 
region, ( I )  very scattered, (2) scattered, (3) dense and (4) very dense concentrations, 
(B) echo recordings in Harnarfjord and Ullsfjord and (C) distribution of 0-group herring 
in relation to temperature ( O C )  in the Ullsfjord. Double pointed arrow denotes vertical 

extension of the distribution. Legend as in (A). 



On 10 November (Fig. 15A) herring were concentrated in the inner 
part of Ullsfjord, and no herring were observed in Hamarfjord or off the 
entrance to this fjord. From October to November the fish moved from 
water of higher to slightly lower temperature. However, when the autumn 
and winter cooling started, the herring gradually moved into the central 
part of the fjord, where the water temperature was highest (Fig. 15B). 
The extent of the diurnal vertical migration increased during this period. 
The herring were observed near the surface at night and down to depths 
of 100-120 m in the daytime. In  January no herring were observed in the 
innermost part of Ullsfjord, but herring were recorded near the surface 
farther out in the fjord. In  February the herring were found mainly along 
the eastern side of the fjord and somewhat farther out. From the end of 
March the herring gradually migrated from the fjord, and in May the 
main concentrations had left the Ullsfjord region (Fig. 15C). 

The migration from the entrance of Porsangerfjord and farther into 
the fjord started at the end of October, i.e. slightly later than in the UIls- 
fjord region. At that time only scattered concentrations of herring were 
observed outside the Porsangerfjord and in the inner parts of the fjord, 
The herring entered the fjord along its western shore (Fig. 16A), and from 
the end of November to mid-December most of the herring moved into 
the innermost branch of the fjord (Austerbotn), i.e. into water masses of 
lower temperature than those found farther out. I n  late autumn and 
throughout winter the temperature in Austerbotn was below zero, and 
from the end of December 1959 until April of 1960 the surface was 
covered with ice. The herring were found in Austerbotn when the ice 
broke up, and therefore probably remained in the cold water throughout 
winter (Fig. 16C). The emigration started in May, and the herring left 
the fjord within about three weeks. 

A similar distribution and behaviour pattern was found for the other 
year-classes. The densest concentrations were observed in the autumn of 
1959 and 1960, followed by 1961 and 1963. In  1962,1964 and particularly 
in 1965 (Figs. 17 and 18), 0-group herring were few and scattered. I n  
September 1965 insignificant numbers of 0-group herring were detected 
in the Ullsfjord region and in the Porsangerfjord. During the following 
two months, some small shoals migrated into the fjords. The herring con- 
centrations were, howe\~er, more scattered than in any other year since 
the investigations started in the autumn of 1959. 

Throughout the investigated period the immigration of 0-group 
herring was co~llpleted somewhat earlier in Ullsfjord than in Porsanger- 
fjord, i.e. during the first and second half of October, respectively. I n  
Ullsfjord the herring usually migrated to the central part of the fjord 
during winter, and when the winter cooling started, the extension of the 



Fig. 15. Distribution of herring (1959 year-class) in relation to temperature ("C) 
in Ullsfjord during the wintering period 1959-1960. Double pointed arrows in (A) and 

(B) denote vertical extension of the distribution. Legend as in Fig. 14A. 





Fig. 17. Distribution of herring (1965 year-class) in relation to temperature (OC) in 
Ullsfjord during the wintering period 1965-1966. Double pointed arrows denote vertical 

extension of the distribution. Legend as in Fig. 14A. 

vertical migration increased. From late afternoon to the following morn- 
ing the herring were found close to the surface, i.e. above 50 m depth, 
whereas during the day the herring remained in the intermediate warm 
water layer at  depths varying from 50 to 120 m. The emigration started 
in March when this layer disappeared, and the herring usually migrated 
from water of lower to higher temperature. In Porsangerfjord the herring 
stayed in cold water, probably near the bottom in water of temperature 
below O°C, throughout the winter until May when the herring ascended 
and gradually started migrating from the fjord. 

The fishery on 0-group herring starts with the immigration and is 
continued throughout the wintering period. The conceiltrations of 0- 
group herring migrating into the fjords appeared to be most dense in 



when rich yeaS-cl~s~i :~ ocri~rred, but other factors will also 
an influence on t h  of 0-  SO LIP herring migrating into the 

fjords, '1- drift and distribution pattern d~lring 11x1 larval and Post- 

larval stages. 1959-1960, 1960-1961 and 1961-1962 a productive 
sma~l-herrillg fisllery took place, whereas in the other yews in question 
the fishery was rather poor, especially in 1965-1966. 

Adolescelzt herring 
~1~~ distribution migratioll of the 1959 year-class during lg60 is 

illLlstrated in Fig. 1 9A. During wlinter and spring the year-classwasrecorded 
as l-grow in i l l  fjords offshore from the banks of eastern Finllmark 
into tile llorthern, central and soutliern pasts of the Barenis Se" In S e ~ -  



Fig. 19. Distribution of adolescent herring, mainly of the 1959 year-class in relation to 
temperature ( O C )  at 50 m depth, (A) in 1960 and (13) 1961. Temperatures in (A) refer 
to April-May and arrows denote the main migration routes of herring during the 

summer of 1960, 





tember-October of 1960 the main concentrations as I-group were recorded 
from theNorth Cape Bank and eastward into the central and southern parts 
of the Barents Sea. During the summer of 1960 the open sea concentrations 
of this year-class gradually moved southward along the front between the 
cold and warmer water in the area from the Central Bank towards the Thor 
Iversen Bank. At the same time its members, which had wintered in the 
fjords of northern Norway, migrated from the coast. Members of this year- 
class also occurred on the banks around Bear Island in the autumn of 
1960. Some of these herring could have wintered in this area, and others 
probably had migrated from the region south of Hope Island, although 
the majority of the herring observed south of Hope Island in the previous 
autumn presumably migrated southwards over the Central Bank and 
Thor Iversen Bank. In  the winter and spring of 1961 the 1959 year-class 
was found in almost the same areas although the distribution was more 
restricted to the central and southern parts of the Barents Sea. 

I n  the autumn of 1961 (Fig. 19B) the 1960 year-class had mixed with 
that of the 1959, and it was not possible to distinguish exactly between 
the distribution of these year-classes. However, the 1959 year-class, which 
was then in its third year of life (11-group), had moved farther west 
although it was also found in the central and southern parts of the 
Barents Sea. During the winter of 1962 the 1959 year-class was still 
observed off the coast of Finnmark and in the southern part of the Barents 
Sea (areas 03 and 02). The following summer dense concentrations in 
which the 1959 year-class predominated, were observed off Finnmark in 
areas 03 and 10 (Table 1). 

In  the autumn of 1962 (Fig. 20A) large concentrations mainly of the 
1959 year-class were recorded off Torsvsg (areas 04 and 12), while other 
concentrations were also observed farther east. During the summer of 
1962 members of the 1959 year-class migrated westwards into the Nor- 
wegian Sea, but most of the herring remained in the areas off Torsvgg. 
From the autumn of 1962 to February 1963 herring mainly of the 1959 
year-class concentrated off western Finnmark. Some of these herring 
became mature and migrated later in the winter of 1963 towards Lofoten 
for spawning (DEVOLD 1968). In  the autumn of 1963 (Fig. 20B) most 
of the 1959 year-class had left the central parts of the Barents Sea and the 
Finnmark coast and had concentrated off TorsvHg together with herring 
which spawned at Lofoten in 1963. 

The 1960 year-class dominated among the herring recorded off eastern 
Finnmark in spring and summer 1963 (Table 1). The 1963 and 1964 
year-classes remained off eastern Finnmark durillg the entire adolescent 
phase (up to the end of 1968), and no westward migration could be dis- 
covered during this period (Table 1). 



'Table I .  Age composition (in %) of adolescent herring caught with purse seine (PS) and pelagic 
trawl (PT) in some of the main fishing areas in 1961-1968. 

I I I I year-class 
Date 1 Area 1 Gear I NO. I 

1959 1960 1961 1963 1964 
I 

03 and 12 
03 and 10 
03 and 02 
03 and 10 

03 
04 and 12 

04 
03 and 13 

03 
04 
03 
03 
03 
03 

PS 
PS 
PT 
PS 
PT 

PT and PS 
PT 
PT 
PS 

PT and PS 
PT and PS 
PT and PS 

PS 
PS 

Almost all the adolescent herring found along the coast were recorded 
outside the entrances to the fjords. The main fat-herring fishery, there- 
fore, took place offshore and most intensively off eastern Finnmark (area 
03) and off Vester2len and Lofoten (area 05). However, almost no fishing 
took place on the dense offshore concentrations recorded in the autumn 
of 1962 and 1963 between Torsvgg and North Cape (areas 04 and 12). 
During the period 1965-1968 a productive fat-herring fishery occurred 
off eastern Finnmark on the 1963 and 1964 year-classes which were con- 
centrated within a relatively limited area. 

LENGTH AND GI20 WTH STUDIES 

The present investigations have shown that herring, which have 
wintered in the fjords during the late 0-group and early I-group stages, 
move into the open sea and join those which have spent their first year of 
life there. MTitl.1 increasing age more extensive migrations occur, extending 
into the central and western parts of the Norwegian Sea. To investigate 
the effect of growth on the timing of migration from the nursery areas 
the length and growth in different areas are compared. 

Length distributions of 0-group herring are given in Table 111. An 
analysis of variance showed in most cases significant differences in lengths 
of 0-group herring between areas along the coast (Table IV). However, 
the differences between the northernmost areas 05, 04 and 03 were not 
consistently significant. Mean lengths of 0-group herring in different areas 



AREA 

Fig. 21. Mean length of 0-group herring of the 1959-1965 year-classes in different areas. 
The vertical bars show the standard deviation. Samples collected with IKMT are 

omitted in the figure. 

are listed in Table V and illustrated in Fig. 21. The mean lengths were 
larger for 0-group herring caught south of Lofoten (in areas 07 and 06) 
than for those caught north of this region. Herring collected in coastal 
and offshore waters north of Lofoten had variable mean lengths, but no 
clear decreasing trend in length was found from south to north. 

Length distributions of adolescent herring of the 1959 year-class 
collected after the main growth seasons are shown in Fig. 22. Decreasing 
lengths were found from south to north. Both fast and slow growing 
herring were caught off TorsvAg (in areas 04 and 12). The length dis- 
tribution of 33-year-old herring caught off Iceland (areas 56, 57, 58, 59) 
shows that these herring had grown more rapidly than herring of the 
same year-class occurring off TorsvAg at the same time. The appearance 
of slow growing herring off TorsvAg in the autumn of 1962 (3+-year-old) 
gave evidence of an immigration of the 1959 year-class from the eastern 
part of the Finnmark coast and from the Barents Sea (Fig. 22C and E). 
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Table 2. Composition (in %) of southern (S) and northern (N) growth types of the 1959 and 1961 
year-classes in different regions during 1961-1967. Data on the herring off Iceland are f r o m J ~ ~ o ~ s s 0 ~  

(1964, 1965, 1966, 1967). 

Also, the relative abundance between the fast growing southern (S) 
and the slow growing northern (N) growth types (LEA 1929) in different 
regions indicates that the fastest growing members of a year-class started 
their westward migration towards the feeding areas in the Norwegian 
Sea earlier than those with a slower growth (Table 2). The 1961 year- 
class, which had a higher proportion of S-type herring than the year- 
class of 1959, showed up in catches off Iceland already in 1963 when they 
were 24-year-old. 

Further knowledge of the migration pattern during the adolescent 
and maturing phases has been obtained from studies of annual length 
increments, t, = (1,-I,,). For this purpose scales from the herring of 
the 1959 year-class were analysed to investigate some of the character- 
istics of herring participating in the westward migration from the Barents 
Sea and the migration from the coast of northern Norway. The mean 
annual length increments are listed in Table VI, and the frequency dis- 
tributions are illustrated in Fig. 23. 

In  the autumn of 1961 the main concentrations of adolescent herring 

1959 year-class 

Year Region 
N 

Un- 
No. certain 

1961 Off eastern 
Finnmark 99 88.9 - 11.1 

Off Torsvkg 100 47.0 24.0 29.0 
1962 Off eastern 

Finnmark 728 96.2 0.1 3.7 
Off Torsvkg 95 91.6 - 8.4 
Off Iceland 407 56.5 43.5 - 

1963 Off eastern 
Finnmark 27 100.0 - - 

Off Torsvsg 309 83.2 14.9 1.9 
Off Iceland 722 54.8 45.2 - 

1964 Off Iceland 1630 65.3 34.5 0.2 
1965 Off Msre 1045 64.9 29.5 5.6 

Off Lofoten 632 82.8 12.8 4.4 
Off Iceland 2130 69.9 30.1 - 

1966 Off Mere 2101 76.5 20.6 2.9 
Off Lofoten 457 85.8 12.9 1.3 

1967 Off Msre 1354 80.7 17.3 2.0 

- 

were found off northern Norway, from the Vesteriilen region and east- 
ward towards the Skolpen Bank. The t, and t, distributions of herring 

196 1 year-class 

N 
Un- 

certain 

40 95.0 - 5.0 
71 31.0 47.9 21.1 
8 - 100.0 - 

122 24.6 70.5 4.9 
300 2.3 33.3 64.4 
5 1 7.8 90.2 2.0 

241 32.4 66.0 1.6 
378 13.2 81.8 5.0 
84 27.4 66.7 5.9 

374 22.7 71.4 5.9 



Fig. 23. Annual length increnlents of the first (t,) and the second (t,) year of life of 
adolescent herring of the 1959 year-class collected in the autumn and winter of 1961 

and 1962. 

caught in the westernmost region (Fig. 23A) show somewhat larger length 
increments than those off eastern Finnmark in areas 03, 02 and 10 
(Fig. 23D), whereas herring collected off North Cape in area 12 and off 
Torsviig show intermediate t l  and t, values (Fig. 23B and C).  

As indicated in Table 2 herring of the 1959 year-class appeared on the 
fishing grounds off Iceland during the summer of 1962. The t, and t, 
distributions (Fig. 24A) resemble those found off the Norwegian coast the 
year before (Fig. 23A), and indicate an extensive migration across the 
Norwegian Sea of the faster growing herring. Herring with a growth 
pattern similar to that found off eastern Finnmark in 1961 did not appear 
off Iceland in 1962. 

A comparison of the t,, t, and t, distributions of herring caught in 
September 1962 off Torsviig (Fig. 24B) with those found in July farther 
east (Fig. 24C) suggests that herring located off Finnmark in the summer 



LENGTH INCREMENT I N  CM 

Fig. 24. Annual length increments of the first (t,), second (t,), third (t,) and fourth (t,) 
year of life of adolescent and adult herring of the 1959 year-class collected in 1962-1965, 

(A) to (F) during late summer and autumn, (G) to (J) during winter. 

of 1962 migrated westward during the following months and appeared off 
TorsvAg in September of the same year. The length increments of herring 
found off Iceland in the summer of 1963 were significantly larger than those 
for herring caught off TorsvAg in September of the year before and in 1963 
(Fig. 24B, E and F). This suggests that a westward migration into the Nor- 
wegian Sea did not take place to the same extent in 1963 as in 1962. The 
t,, t, and t, distributions of herring caught off Lofoten in the winter of 1964 
were similar to those found off TorsvAg in the autumn of 1962 (Fig. 24H 
and B), and partly also to those found off Torsvfig in 1963 (Fig. 24H and 
F). Herring caught off More in the winter of 1964 showed almost the 



same length increment distributions as those caught off Iceland in 1962 
and 1963 (Fig. 24G, A and E). The distrib~ition of the annual length 
increments also was different for herring caught off M ~ r e  and herring 
caught off Lofoten during the winter herring season in 1965, although 
this difference, especially between the t, distributions, was not as pro- 
nounced as in 1964 (Fig. 241 and J, G and H). 

The results of the length and growth studies show that the migration 
from the nursery areas is largely size determined, a feature which again 
probably is related to environmental conditions during the adolescent 
phase. The westward migration of herring spending their first year of 
life in the Barents Sea and off the eastern Finnmark coast was somewhat 
delayed, although the length distribution of the 0-group herring may be 
similar to that of 0-group herring spending their life farther west and 
south along the coast (areas 04 and 05). When the herring in these latter 
areas and in area 06 migrated from the coast early in the I-group stage, 
they joined the faster growing herring from the nursery areas in the open 
sea. These herring entered the feeding area in the Norwegian Sea earlier 
than the slower growing herring from the coastal areas and the Barents 
Sea. 

Slower growing herring of the 1959-1961 year-classes gradually 
aggregated at the entrance of the Barents Sea, i.e. off Torsvig in areas 
04 and 12, during the summer of 1961, 1962 and 1963. These herring 
originated mainly from the fjords of Finnmark and the central and 
eastern parts of the Barents Sea, but also faster growing herring from the 
coastal areas farther south migrated to the accumulation area off Torsvig. 
The fastest growing herring in this area gradually segregated from the 
population and migrated westwards to the central part of the Norwegian 
Sea and the areas off Iceland. However, some of the more slow growing 
herring remained in the eastern part of the Norwegian Sea throughout 
the summer of 1962 and 1963. 

ANALYSIS OF TAG RETURNS 

The migrations of herring tagged off northern Norway in 1961 and 
1962 are shown in Fig. 25, and migrations of herring tagged in 1963 in 
Fig. 26. Both in 1961 and 1962 most of the tagged herring belonged 
to the 1959 year-class, in autumn 1963 the major part belonged to the 
year-classes of 1959 and 1960 (Table 3). Tagged herring from these 
experiments were recovered off Lofoten-Vesterillen and in waters off 
Iceland the following year. Herring tagged in 1962 and in autumn 
1963 were found in catches on the spawning grounds off M ~ r e  two 
years after tagging, whereas herring from the tagging in 1961 did not 



Fig. 25. Migration of herring tagged in 1961 (left column) and 1962 (right column). 
O ~ e n  symbols indicate the tagging localities. Tags recovered during the summer fishing 
seasons 1962-1966 are given by half-filled syn~bols, recoveries during the Norwegian 
winter helring seasons 1963-1966, by filled symbols. The number of tags recovered is 

listed in the figure. Arrows indicate migration routes during the respective years. 

reach these spawning grounds until three years after they were released. 
However, they showed up after two years in catches on the spawning 
grounds off Lofoten. None of the herring tagged off Varangerfjord in June 
1963 has as yet (1968) been recaptured on the spawning grounds off 



Table 3. Age composition (in %) of catches from which herring were taken for 
tagging. 

Year-class 
Date / Tagging locality 

1 / No' 1 1959 1960 1961 
I 

1961 12.3 Off North Cape 
22.9 Off North Cape, NE 

1962 18.9 Off Torsvag 
21.9 Off Vesterilen 

1963 5.6 Off Varangerfjord 
10.6 Off Varangerfjord 
19.6 Off Varangerfjord 
25.6 Off Vesteralen 
1.10 Off Torsvig 

Fig. 26. Migration of herring tagged in 1963. Open symbols indicate the tagging 
localities. Tags remvered during the summer fishing seasons 1963-1966 are given by 
half-filled syn~bols, recoveries during the Normegia~l winter herring seasons 1964-1966, 
by filled symbols The number of tags recovered is listed in the figure. Arrows indicate 

migration sautes during the respective years. 

Mcre or at Lofoten, but herring of the 1959 year-class tagged in autumn 
1960 off eastern Finnmark (Table 11) were recaptured at Lofoten in 1964 
and 1966 and off Iceland in 1965. 

These results indicate that recruits to the spawning grounds in the 
Mcre region migrated via the feeding areas off Iceland through the 
traditional wintering area northwest of the Fal-oe Islands, wliereas 
herring spawning off Lofoten remained in the northeastern part of 
the Norwegian Sea and moved to the Lofoten shelf from an area 
located off the coast of nortl~ern Norway. A more detailed description 



of the migration routes for this northern component spawning off Lofoten 
during the period 1963-1966 has been given by DEVOLD (1968) and 
JAKOBSSON (1968). They found that during the summer of 1966 the 
northern component joined the main component spawning off the M01-e- 
Trondelag coast, and that in 1967 and 1968 no major spawning took place 
off Lofoten. 

I t  is concluded from the present investigations that herring, which in 
the 0-group stage were distrilsuted far north and east off northern Norway, 
as adults migrated to the spawning grounds off Msre. However, this 
migration phase lasted longer for the herring from the northern nursery 
areas than for those growing up farther south. Herring from the southern- 
most nursery areas usually had higher growth rates and reached maturity 
earlier than did those spending their first years of life in the northern, 
central and southern parts of the Barents Sea. Accordingly, herring from 
these nursery areas might appear as recruit spawners from one to four 
years later than those from areas farther south. Taking into account the 
mortality during the migration phase, herring from the Barents Sea will 
be considerably more reduced in numbers before they reach the spawning 
grounds off M0re than those spending the 0-group stage along the coast 
south of Lofoten. 

A B U N D A N C E  

ESTIMA TES FROM ACOUSTIC SURVEYS 

The distrib~~tion of 0-group herring together with the density of the 
echo recordings (the echo abundance) have been used to study the varia- 
tion in abundance from one year to another. The surveys did not cover 
all the fjords. In order to obtain an estimate of abundance valid for the 
total distribution in inshore waters, the ratio between the area covered 
by the 0-group herring and the surface area in fjords which were investi- 
gated, also was applied to the fjords which had not been surveyed. I n  area 
05 ratios for Hadselfjord and Vestfjord were used, in area 04 mainly ratios 
for Ullsfjord and Lyngenfjord, and in area 03 ratios for Porsangerfjord, 
Laksefjord, Tanafjord and Varangerfjord (Fig. 13). The total geographical 
distribution of scattered and dense concentrations in areas north of 67 ON 
was estimated for the surveys illustrated in Figs. 4-10. The estimated 
areas of distribution are listed in Table 4. 

Fishing experiments with purse seine (two in 1960 and five in 1963) 
in scattering layers above 30 m depth at night were carried out to establish 
a conversion factor between scattered and dense echo recordings (Fig. 27). 
The ratio between the catches in litres taken in scattering layers (0-30 m 
depth) with density 1 to 2 (scattered) and density 3 to 4 (dense) was about 



Table 4. Area of distribution (in square nautical miles) of scattered and dense 0-group herring 
 concentration^ and indices of echo abundance for 0-group herring in offshore and inshore areas in the 

autumn of 1959-1965. 

Offshore Inshore Total 
Year- Abund- Abund- Aund- 
(lass 

jca- 1 D e e  ance 
tered tered index index index 

1959 62250 25318 315430 2520 784 10360 64770 26102 325790 
1960 70144 7017 140314 3599 344 7039 73743 7361 147353 
1961 23044 852 31564 3034 293 5964 26078 1145 37528 
1962 12249 - 12249 1203 132 2523 13452 132 14772 
1963 28312 2023 48542 2989 204 5029 31301 2227 53571 
1964 58700 1263 71330 2845 78 3625 61545 1341 74955 
1965 , 8400 - 8400 739 739 9139 - - 9139 

1:  10. Indices of total echo abundance, therefore, were estimated by 
multiplying dense recordings by a factor of 10 (Table 4). The vertical 
extension of the scattering layers was not taken into account in these 
estimates. 

The abundance indices for the total 0-group stock are by far the 
highest for the 1959 and 1960 year-classes, followed by those of 1964, 
1963 and 1961. The estimates for the 1962 and especially for the 1965 
year-classes are by far the lowest. 

Estimates of the abundance of 0-group herring in the open sea (off- 
shore) compared with that recorded in the fjords (inshore) have also 
been made for each year-class (Table 4). Not all of the 0-group herring 
observed along the coast migrated into the fjords. This was indicated by 
the low frequency of returns of 0-group herring tagged just outside the 
coast or at the entrances to the fjords, e.g. off VesterAlen in 1959 (Table 6). 
None of the 0-group herring tagged in 1960 off Bear Island and off 
eastern Finnmark has been recaptured in inshore areas. To separate the 
offshore from the inshore population, half of the area with recordings 
outside the border line drawn in Fig. 13 between Kast and North Cape 
was classified as offshore and the other half classified as inshore. Herring 
observed outside the fjords off eastern Finnmark are assumed not to 
migrate into the fjords and are included in the offshore distribution. 

From Table 4 i t  appears that a relatively small part of the total O- 
group population was distributed in the fjords in the autumn of 1959, 
1960, 1963, 1964 and 1965 (3-10%). However, in 1961 and 1962 a some- 
what higher percentage (15-20%) of tlle total 0-group population was 
found inshore. The results indicate that the proportion of 0-group herring 
entering the fjords is inversely related to the total ab~~ndance  of the 



e Fig. 27. Relationship between the density of 
the scattering layer recorded by echo sounder 
and the catch of the sound scatterers sampled 
with purse seine. The catches consisted almost 

entirely of 0-group herring. 

d 
1 ' 2 1 3 1 4 '  

DENSITY OF ECHO RECORDINGS 

0-group stock. I n  years when the herring are mainly restricted to the 
coastal belt, a relatively higher percentage of the population is found 
inshore. 

CATCH AND CA TCH PER UNIT EFFORT 

Catch and effort statistics from the small- and fat-herring fishery can 
also be used to analyse the variations in year-class strength. The total 
catch of small- and fat-herring landed during the period 1930-1968 
(Fig. 28), shows that considerable fluctuations have occurred. The most 
important small-herring fishery occurs in the fjords from late autumn to 
early spring, with the late autumn period being the most important. 
The period in the early spring coillcicles with the migration from the 
fjords. The fat-herring are usually caught at the entrances or outside 
the fjords, and the fishery starts in early summer and has its peak in the 
summer or early autumn. 

In the Norwegian catch statistics herring weighing 5 5 0  g, correspond- 
ing to a total length up to 18-20 cm, are grouped as small-herring 



YEAR 

Fig. 28. Norwegian and Soviet catches of young and adolescent herring in 1930-1968, 
(1) total catch, (2) small-herring and (3) fat-herring. 

- 1  Fig. 29. Catches of small-herring landed --- 2 
...... 3 

from 1959-1960 to 1965-1966, (1) total 
catch, (2) 0- and I-group and (3) I- and 
11-group herring. Catches landed in 
1959-1960 are due to the 1959 and 1958 
year-classes, respectively, in 1960-1961 
to the 1960 and 1959 year-classes, etc. 

and fish weighing 2 5 1  g are listed as fat-herring. The small-herring 
subject to fishing in the autumn are mainly 0-group fish. During the 
following summer when these are in the I-group stage, the fastest growing 
herring appear in the fat-herring catches. This is especially true in areas 
07, 06 and 05. The I-group herring in the northernmost areas 04 and 03, 



and those with lower growth rates in areas 07, 06 and 05 are still foulld 
in the small-herring catches throughout the second year until the summer 
of the third year of life when they, as 11-group herring, gradually appear 
in the fat-herring catches. With a new 0-group entering the fishery every 
autumn, three different year-classes are represented in the small-herriag 
catches during a calendar year. However, during the period from 
1 September to 31 August the next year the catches consist mostly of two 
year-classes. The catches were separated on year-class by analysing the 
samples collected by the inspectors at the various reduction plants along 
the coast (Fig. 29). During 1959-1966, the 1959 and 1960 year-classes 
yielded the highest catches followed by the year-classes of 1961, 1963, 
1964, 1962 and 1965. 

Since the small-herring are mixed with the fat-herring in the catches, 
it is difficult to collect samples which give a representative age compo- 
sition of the fat-herring landed. However, small-herring were avoided 
in the samples by excluding herring weighing (50 g, corresponding to 
lengths less than 18-20 cm. Fig. 30 shows the age composition of fat- 
herring in the different areas. Most of the samples were taken during the 
summer and autumn. Samples collected in areas 07 and 06 during the 
first half of the year (1 April to 31 May) were grouped separately, and in 
these samples I-group fish were excluded. These herring, usually called 
"forfangstsild ", are a mixture of young recruit spawners and fat-herring. 
During the period 1959-1968 the yield of the fat-herring fishery was 
highest in 1961-1963, when the 1959 and 1960 year-classes dominated 
and in 1966-1968 when the year-classes of 1963 and 1964 were dominant, 
with a maximum yield in 1968. Herring older than five years were only 
rarely found in the fat-herring catches, except during the " forfangstsild " 
season. 

In  Table 5 catches of fat-herring are separated on year-class and area. 
The 1964 year-class has yielded the highest catch followed by those of 
1959, 1963, 1960, 1961 and 1962. An evaluation of the 1965 year-class 
is omitted because catch data still are incomplete. The ranking of year- 
classes by catch is different from that found in the small-herring catches 
and the exploitation rate of the 1963 and 1964 year-classes obviously 
has increased. A further discussion of this feature will be given in a later 
section. 

Almost all the catches of small- and fat-herring are taken with purse 
seine, and the fishing fleet which is equipped with echo sounder and 
sonar, usually moves from one fjord to another searching for herring. 
Prior to 1964 the purse seine was shot from two dorries, but from 1964 
onwards the power block was introduced and the purse seine, which was 
then shot from the vessel, was gradually made deeper. Accordingly, the 





5. (in thousands of metric tons) of the 1959-1964 year-c.asses according 
area during the Norwegian fat-herring fisheiy in 1960-1968. 

Year- Area 
class 06 05 04 Total 

49.558 35.127 65.583 4.108 
18.253 97.039 1.571 

15.660 29.682 25.571 0.368 
1962 9.706 8.323 0.273 71.281 

18.302 

1964" 

" Data still incomplete. 

Fig. 31. 

AREAS 

Z 06. 05 

AREAS 

05. 04 

Average catch of O-group herring per vessel per month during the autllmn 
fishery (October-December) in 1959-1 965. 

fleet was more efficient in 1965-1968 than during tire previous period 
when the efficiency was considered to be fairly constant. The more 
modern sonar equipment introduced during the period 1964-1967 
added to the increase in efficiency of the fleet. 

The fat-herring fishery, especially off the Finnmark coast, mainly 
takes place in the open sea or at  the entrances to the large fjords. For 
this reason and because tlie availability of fat-Ilerring varies p.eatly, 
the abundance estimates for fat-herring are more variable than those for 
O-group herring The dmndance estimates for fat-herring, therefon, 



have been omitted here. One of the chief problems encountered when 
dealing with effort statistics from purse seine catches concerns the integra- 
tion of searching time in the unit of fishing effort. Information concerning 
the time spent on the fishing grounds or number of shots with and without 
catch is not available. However, the average catch per vessel operating 
is likely to give a reasonably reliable indication of the abundance of 
herring in tlie different districts. 

The average catch of 0-group herring per vessel per montli during tlie 
autumn fishery fro111 October to December in the different areas is 
illustrated in Fig. 31. The abundance estimates for areas 05, 04 and 03 
combined are higher than those for areas 04 ancl 03, and 05 and 04 in 
1959 and 1960. The reason for tlie average catch per vessel being higher 
for areas 05, 04 and 03 combined is due to the larger and more efficient 
vessels operating in all the three areas. Those operating in areas 04 and 
03,05 and 04 or 06 and 05 are sn~aller vessels, and the abundance illclices 
for these areas are comparable. The catches per vessel were highest in 
1959 followed by 1960 and 1961. In  1962 and 1965 the catches per vessel 
were lowest in niost of the areas. 

E,TTIMATES FROM TAG RETURhrS 

Abundance estimates from tag returns are mainly based on taggings 
of 0-group herring in the Ullsfjord region. For tagging experiments at  
otl-ier localities (Table 11) the number of recaptures is too low to permit 
abundance estimates. Only tags recovered in plants which were equippecl 
with tested magnets have been dealt with quantitatively, and experiments 
giving less than ten recaptures are excluded in Table 6. The frequencies 
of returns from 0-group taggings in the fjords were relatively low in 
1959-1 960, 1960-196 1, 196 1-1 962 and 1963-1 964, indicating high abun- 
dances of the 1959, 1960, 1963 and 196 1 year-classes compared with those 
of 1962 and 1964. 111 the autumn of 1965 110 0-group herring were tagged. 

Herring catches from different fishing localities were sometimes mixed 
at  tlie reduction plants before the processing started, and therefore the 
location of some recaptures could not be determined with certainty. I n  
spite oi this limitation the present material indicates that almost all 
returns during the first months after release were derived from the fjord 
complex where the tagging took place. This feature was clearest for 
tagging experiments carried out inside tlie entrances to the fjords ancl 
confirms the findings from acoustic surveys that 0-group herring entering 
the fjords in a~ttumn stay there the following winter. 

A summary of the estimates of year-class strengths at  the 0-group 
stage obtained by tlie three different methods applied is given in Table 7. 



Table 6. Recaptures from taggings of 0-group herring (1959-1964 year-classes) three to seven months 
after release and catches of the same year-classes processed at reduction plants. The catches are from 

the region of recapture. 

Table 7. Summary showing the results of the abundance estimates of 0-group herring 
for the 1959-1965 year-classes. 

Date of 

tagging 

1959 2.10 VesterBlen 853 1283 4 
8.10 Hamarfj.-Ul1sfj.- 

Lyngenfj. 1706 12167 5 
19.10 Varangerfj. 512 11370 7 

1960 3.10 Hamarfj.-Ul1sfj.- 
Lyngenfj. 1706 30534 6 

2 1.10 Varangerfj. 853 10812 6 
196 1 28.9 Hamarfj.-Ul1sfj.- 

Lyngenfj. 1706 4970 3 
1962 21.9 Hadse1fj.-Vester5len 1109 45 3 

27.9 Malangen 512 196 3 
28.9 Hamarfj.-Ul1sfj.- 

Lyngenfj. 1024 1737 3 
1963 27.9 Hamarfj.-Ul1sfj.- 

Lyngenfj. 1706 2795 4 
1964 29.9 Hamarfj.-Ul1sfj.- 

Lyngenfj. 1706 212 3 

I 

Region of 
recapture 

10 0.09 (10.94) 

237 0.1 1 (8.76) 
63 0.1 1 (9.24) 

253 0.05 (20.59) 
156 0.17 (5.91) 

187 0.22 (4.53) 
52 10.42 (0.10) 
58 5.78 (0.17) 

203 1.14 (0.88) 

5 1 0.11 (9.35) 

128 3.54 (0.28) 

The results are only comparable for the inshore part of the 0-group 
population. The inshore abundance estimates obtained from acoustic 
surveys and those obtained from catch per vessel show the same ranking 
of the respective year-classes except for those of 1962 and 1964. However, 

No' of 
effect- 
ively 

tagged 
herring 

Year- 
class 

No. of 
recap- 
tures 

Percentage 
recaptures 

per 100 tons 
(inverse 
value in 
brackets) 

Effective 
quantity 
processed 
(in tons) 

Echo a b ~ ~ ~ d a n c e  index 
x 10-3 

Total ~~~h~~~ 

Time 
from 

tagging 
to cap- 
ture (in 
months) 

Catch per vessel I Mean inverse value 
(in tons) in areas 

05, 04, 03 combined 
of percentage re- 

captures per 100 tons 



the discrepancy in the values of the abundance estimates is pronounced 
lor some of the year-classes, especially those of 1962, 1963 and 1964. 
Because taggings were made in few localities, the abundance estimates 
obtained from these experiments do not give representative valrles for 
year-class strength of the inshore 0-group population. 

The estimates of the total 0-group stock obtained from the acoustic 
surveys indicate that the 1959 year-class was about twice as abunda~lt  as 
the 1960 year-class and this again about twice as abundant as that of 
1964. The difference between the 1961 arid 1963 year-classes probably 
was small although the latter year-class was somewhat more abundant. 
The 1962 and 1965 year-classes definitely were the poorest ones. 

M O R T A L I T Y  

Mortality estimates of herring during the late 0-group and early 
I-group stages in some Norwegian fjords can be obtained from data on 
catch per unit of effort and from taggings. The total instantaneous 
mortality coefficient (Z = F+M) for the 1959 and 1960 year-classes was 
estimated according to the equation of BEVERTON and HOLT (1957) 

-where N, is the number of fish at the time to and N, the number of fish 
at  the time t. F and M are the iilstantaneous fishing and natural mortality 
coefficients, respectively. 

The catch per unit of effort is taken to be proportional to No at  the 
time to and N, a t  the time t. During the migration into the fjords the 
herring are found in many small shoals, and the availability usually is 
lower than in the wintering period. Because of this the catch per vessel 
was relatively low in October, and November llad to be chosen as the 
commencement of the fishing season in 1959 and December in 1960. By 
plotting the logarithms of monthly catches per vessel for November to April 
in 1959-1960 and for December to April in 1960-1961 and calculating 
the regression lilies to the points, the monthly apparent total mortality 
( Z  = F+X) could be estimated (Fig. 32) where F is the monthly fishing 
mortality and X is a combination of natural mortality and the effect of 
emigration. 

The estimates are given in Table 8, and the basic material used for 
estimating the catcli per vessel is given in Table VII. The values for Z 
is co~lsiderably greater than those obtained for adult herring in the late 
1950s and in the 1960s (DRAGESUND and JAKOBSSON 1963, ANON. 1969). 
The montlily instantaneous mortality coefficients are of the same magni- 



Fig. 32. Calculated regression lines fitted to n~onths and logarithnls of catch per vessel. 
(1) areas 05 and 04, (2) areas 05, 04 and 03. 
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tude as those of the annual instantaneous mortality coefficients of adult 
herring. 

The exploitation rate (E) defined as 

can also be estimated approximately from tag returns by the expression 
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where n, is the estimated number of tagged herring recaptured during 
the period from to to t, No the number of effectively tagged herring present 
at the time to and 
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the number of tagged herring present at the time t. The Z values (F+X) 
obtained for areas 05, 04 and 03 (Table 8) were used to calculate N,, 
and the estimated values for E and Z were used to solve equation (3) 
for F. The values for No, N, and nr are listed in Table 9. The estimates 
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Table 8. Estimates of monthly instantaneous total mortality coefficient ( Z )  during the 
late 0-group and early I-group stages covering the period from November to the 

following April. 

Year-class 1 Area 1 Z 

Table 9. Estimates of number of effectively tagged 0-group herring present (No) at 
the time to, number of tagged herring present (N,) at the time t and number of herring 

recaptured (n,) during the period from to to t. 

1959 05 and 04 
05, 04 and 03 

1960 05 and 04 
05, 04 and 03 

0.28 
0.32 
0.32 
0.41 

Table 10. Estimates of the exploitation rate (E) during the late 0-group and early I- 
group stages and the monthly instantaneous mortality coefficients F and X, covering 

the period from November to the following April. 

Year- 
class 

Varangerfjord 

Region 

Ullsfjord-Lyngenfjord Year- Vesterilen 

1960 Hamarfjord-Ullsfjord-Lyngenfjord 0.200 0.082 0.328 
Varangerfjord 1 0.277 0.114 0.296 

class 

1959 Vesteralen 
Hamarfjord-Ullsfjord-Lyngenfjord 

of E, F and X for herring during the late 0-group and early I-group stages 
from November to April in some of the fjords of northern Norway are 
given in Table 10. 

Another approach for estimating the fishing mortality during the 
0- and I-group stages call be obtained from tile ratio between catclr and 
stock size of herring wintering in the Ullsfjord region. The stock size+-was 
estimated from tag returns by a modification of the Petersen method 
(AASEN et al. 196 1, DRAGESUND and HARALDS~IK 1968). The number of 
tags returned each month during tire period from November to April at 
factories equipped with tested magnets were plotted against tlre effective 
quantity processed at the same factories in that month (Fig. 33), and the 
regression lines were calci~lated. The stock size was estimated by multi- 

I 
No Nt  n, N,, N, n, 

0.060 0.019 0.301 
0.280 0.090 0.230 

No Nt n, 

Varangerfjord 0.184 0.059 0.261 
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Fig. 33, Calculated regression lines fitted to the monthly catch of 0- and I-group 
herring processed a t  factories equipped with magnets and the monthly number of 

returns. 

plying the number of effectively tagged herring present at the beginning 
of the period by the ratio of the effective quantity processed and the 
number of returns. This ratio was obtained from Fig. 33. 

F was estimated according to the equation of BEVERT~N and HOLT 
(1957) 

wheje C is the catch of herring in numbers and S the stock size in numbers. 
The Z values for areas 05, 04 and 03 given in Table 8 for the 1959 and 
1960 year-classes were usecl to solve equation (5) for F. To estimate F 
for the year-classes of 1961 and 1962 the mean of the Z values was used. 
The results are listed in Table 11. 

Although the values for F listed in Tables 10 and 11 are slightly 
different, they are considerably higher than those obtained from tagging 



Table 11. Catch (C), estimated stock size (S) of 0- and I-group herring and estimated 
monthly instantaneous mortality coefficient (F) during the late 0-group and early 

I-group stages in the Ullsfjord region for the 1959-1962 year-classes. 

1959 19b0 1961 1962 1963 19- 
Y E A R - C L A S S  

Fig. 34. &/leasure of exploitation, (A) during the late 0-group and early I-group stages 
indicated by the ratio of catch in tonslo-group echo abundance for the year-classes 
1959-1965 and (B) at later stages for the year-classes 1959-1964, (1) as catch in tons 
of I- and 11-group herring/total 0-group echo abundance and (2) as catch of fat-herring 

in tons/total 0-group echo abundance. 

experiments during the adult stage (DRAGESUND and JAKOBSSON 1963, 
ANON. 1969). The monthly instantaneous fishing mortality coefficients 
during the late 0-group and early I-group stages are somewhat lower than 
those of the annual instantaneous mortality coefficients of the adult 
herring. However, the natural mortality was high for 0- and I-group 
herring, and accordingly the exploitation rate was lower than for the 
adult herring in the mid-1960s (ANON. 1969). 

Another measure of the exploitation is obtained by taking the ratio 
between the total catch at different stages of the year-classes 1959-1965 



and the total echo abundance index (Fig. 34). I t  is clearly demonstrated 
that poor year-classes were more heavily exploited than the rich ones 
during the late 0-group and early I-group stages (Fig. 34A). 41so during 
the late I-group and early 11-group stages the poor year-classes were more 
heavily fished than the richer ones (Fig. 34B). 

The yield of the fat-herring fishery increased considerably from 1965 
to 1968. This resulted in an increase of the exploitation of the 1963 and 
1964 year-classes by five to six times compared with that of the 1959 and 
1960 year-classes. The high exploitation of the 1963 and 1964 year-classes, 
wliich appeared to be fairly abundaiit during the 0-group stage, has most 
likely resulted ill a considerable reduction of these year-classes before 
they entered the adult stock. 

D I S C U S S I O N  

DISTRIBUTION OF 0-GROUP HERRING IN RELATION TO SPAWNING 
GROUNDS OF THE PAREhrT STOCK 

During 1959-1965 the main spawning centre was located off M ~ r e ,  
i.e. on the shelf between Stad and Grip (DRAGESUND 19'70). I n  1959-1961 
the majority of the ripe herring tended to concentrate farther south than 
in 1962-1965, when the centre of the spawning was located between Ona 
and Grip. I n  the southernmost region (area 08) spawning was iiegligible 
except in 1959, when spawning was observed as far south as Bokn. The 
second important spawning district was located off Halten-Sklinna. 
Within this region the location of spawning did not change. Except in 
1960 (YUDANOV 1962) mass spawning at Lofoten was not recordcd during 
1959-1962, whereas herring spawned regularly in that area in 1963-1 965. 
During 1959-1965 Norwegian herring also spawned on the Faroe plateau 
(YUDANOV 1962, 1964, 1966). 

The origin of 0-group herring recorded off northern Norway is 
difficult to determine. Thc drift pattern of the larvae from the Faroe 
spawning grounds is not known, but the international 0-group fish 
surveys carried out in the Barents Sea and in the northeastern part of 
the Norwegian Sea in 1966 and 1967 (ANON. 1966, 1967) suggested that 
the majority of the 0-group fish recorded in the Barents Sea were derived 
from spawning grounds along the Norwegian coast. Also, the larval 
survey in 1959 (WIBORG 1959) showed that herring larvae were scarce 
off the continental shelf in the eastern part of the Norwegian Sea. I t  is 
concluded, therefore, that the major part of the herring observed along 
the coast of nortl~ern Norway and in the Barents Sea were hatched off 
the Norwegian coast between Stad and Grip, off Halten-Sklinna and in 
1963-1965 also at the Lofoten spawning grouilds. 



I t  also may be concluded that larvae hatched off Mare-Tr~ndelag 
drifted far into the Bareilts Sea. Tliis was indicated by the 0-group dis- 
tribution in 1959 when no major spawning took place in the Lofoten 
region. Moreover, in 1959-1961 the 0-group herring were more abundant 
off Troms and Finnmark (areas 04 and 03) than farther south in areas 
06 and 05 (Fig. 31), confirming the hypothesis of a long northward trans- 
port of larvae from the spawning grounds off M ~ r e  (DRAGESUND 1970). 
This indicates that the northward extension of concentrations of 0-group 
herring does not depend only on the location of spawning, but also on 
the conditions for transport of larvae from the spawning grounds. 

GROWTH AND MIGRATION IN  RELATION TO MECHANISM OF 
RECRUITMENT 

The 0-group herring within areas 05, 04 and 03 had fairly uniform 
lengths. This was to be expected since larvae hatched on the spawning 
grounds off Mare-Trandelag are transported northwards in the same 
water masses and live under rather similar environmental conditions 
during their first five-six months of life. However, larvae which accumu- 
late a t  the entrances to the fjords in areas 07 and 06 (off M~re-Trgndelag 
and the southern part of Nordland) and later enter the fjords in these 
areas, will live in warmer water and will have a faster growth than those - 
transported farther north. 

Herring located off eastern Finnmark were found to have a markedly 
slower growth during the adolescent phase than those found farther west 
and south along the coast (Figs. 22 and 23). Herring of the 1959 year- 
class which stayed in the southern part of the coastal waters of northern 
Norway (areas 06 and 05) during the 0-group stage, migrated northwards 
during the second and third years of life, i.e. in 1960 and 1961, and joined 
the fastest growing herring farther north in an accumulation area off 
Torsvig (Figs. 19, 23A and B). These herring started their westward 
migration into the Norwegian Sea some time during late 1961 or early 
1962 and showed up on the feeding grounds off Iceland as early as in the 
summer of 1962. Herring with slightly smaller annual length increments 
(1959 year-class) remained in the accumulation area off Torsvig during 
thc summer and autumn of 1962. 

Off Finnmark, slowly growing herring of the 1959 year-class reached 
an age of three-four years before they disappeared from the fat-herring 
catches and migrated westward to the accun~ulation area off Torsvig 
from where they later joined the spawning stock. A similar migration 
pattern was found for the 1960 and 1961 year-classes. Thus, the higher 
growth rate of herring in the southern part of the coast of nortl~ern Norway 
led to an earlier migration to and from the accumulation area off Torsvig 



than for herring spending their nursery period farther north and east in 
coastal and offshore waters off northern Norway. Accordingly, fat-herring 
in areas 06 and 05 were younger than those off Finnmark (area 03), and 
in the catches south of Vesterglen fat-herring older than three years 
were scarce, except during the " forfangstsild " season in April-May. 

The 1963 and 1964 year-classes showed a different migration pattern 
compared with those of 1959-1 961. During the entire fat-herring stage, 
i.e. up to an age of four-five years, the 1963 and 1964 year-classes were 
mainly recorded off eastern Finnmark.  migrations over short distances 
were observed back and forth between the eastern part of the Finnmark 
coast and the Murman coast, and in contrast to the 1959-1961 year- 
classes those of 1963 and 1964 did not concentrate in any detectable shoals 
off western Finnmark or off Troms during the second to fourth years of 
life. Their migration from the nursery areas off eastern Finnmark was at 
least one year delayed compared with the migrations of the 1959-1961 
year-classes. 

Variations in the occurrence of fat-herring in coastal waters off north- 
ern Norway have been discussed by LEA (1929), and variations off the 
Murman coast by GLEBOV (1938). According to LEA the large fat-herring 
(oceanic herring) occur in offshore waters where the herring adopt an 
oceanic mode of life. Lea concluded that large yields of fat-herring in the 
fjords were caused by an immigration of oceanic herring. Such immigra- 
tions were sporadic and might occur when the oceanic herring were driven 
towards the coast by unknown causes. GLEBOV distinguished between two 
types of immigrations to the fjords, one in May-July consisting mainly of 
I- and 11-group herring, and the other consisting of mainly 111- and IV- 
group herring approaching the coast during the autumn from August 
onwards. GLEBOV also found that the immigration was irregular and not 
always associated with strong year-classes, but was related to hydrographic 
conditions in coastal and offshore waters. The migration into the fjords 
was most frequent in years with pronounced horizontal temperature 
gradients. In  the summer the immigration of I- and 11-group herring 
took place when the temperature gradient increased from the open sea 
into the fjords, whereas in the autumn an il-nmigration of 111- and IV- 
group herring occurred when the temperature gradient decreased from 
the open sea and into the fjords. 

The present investigations showed that the migration of 0-group 
herring into the fjords was regular and occurred almost at the same time 
every autumn. I t  cannot be stated whether the mechanism of the migra- 
tion from the open sea into the fjords is a response to environmental 
conditions followed by an orientated active migration or if it is a passive 
migration resulting from drift (HARDES JONES 1968). I11 Porsangerfjord 



the herring moved from water masses of higher to lower temperature, 
whereas in Ullsfjord this feature was not so clear. No distinct immigration 
of fat-herring (oceanic herring) to the fjords was recorded. I n  the years 
when great concentrations accumulated off northern Norway, mainly in 
1961-1963, the fat-herring did not enter the fjords on their migrations 
from the nursery areas into the Norwegian Sea. With the material at 
hand no further interpretation can be given of the sporadic immigrations 
of fat-herring to the fjords of northern Norway. However, in years when 
the fat-herring stock is large, numerous shoals often occur close to the 
coast, and i t  is likely that such shoals may move into the fjords. 

When studying the growth of herring, LEA (1929) observed that 
winter rings of scales from young and adolescent herring caught in 
northern Norway were more distinct (N-type) than winter rings of herring 
scales from the coastal area farther south (S-type). RUNNSTRBM (1936) has 
given further information on the geographical distribution of the two 
types. On  the Finnmark coast, 100% of the young herring had the 
northern scale type. In the intermediate region, between Finnmark and 
the coast of Mme, the N- and S-types were mixed. 011 the southwest 
coast about 90% of the young herring had rings of the S-type. From this 
evidence RUNNSTRGJM concluded that the northern type of winter rings 
is formed in coastal waters off northern Norway and that the southern 
type is formed a t  the southern part of the west coast, thus supporting 
LEA'S theory. According to LEA more diffuse winter rings (oceanic rings) 
are formed during the adolescent period of transition from immature to 
mature herring when the herring have moved into the central part of the 
Norwegian Sea. However, DEVOLD (1963) suggested that the distinct 
winter rings (N-type) are formed when the young herring live under 
arctic and subarctic conditions in the Barents Sea. The more diffuse 
oceanic rings are formed after the westward migration into areas with 
boreal conditions. 

This hypothesis seems to be in agreement with the distribution of 0- 
group herring of the 1959 and 1961 year-classes and the characteristics of 
their winter rings. In  1961 relatively few 0-group herring were found in 
the northern and eastern parts of the Barents Sea, and eventually only a 
small percentage of the year-class was found to have N-type winter rings. 
I n  1959 the major part of the 0-group stock was distributed in the Barents 
Sea and on the shelf between Bear Island and West-Spitsbergen. I n  
accordance with this, liigh percentage of distinct N-type winter rings were 
found for the 1959 year-class. 

According to ~ S T V E D T  (1958) the relative abundance of N- and S- 
types in the spawning shoals seemed to be related to year-class strength, 
high frequencies of N-type herring being correlated with rich year-classes. 



The major part of the 1959 year-class had N-type winter rings, whereas 
the 1961 year-class showed a lower percentage of this growth type both 
in the adolescent and adult shoals (Table 2). The correlation between 
rich year-classes and relatively high frequencies of N-type herring may 
therefore be explained as a result of strong northward transport and high 
abundance during the larval and postlarval stages. 

OTTESTAD (1934) argued that only part of the fat-herring occurring 
off northern Norway might later migrate to the spawning grounds off 
southern Norway (area 08) and the winter herring district off A/lm-e. The 
majority of fat-herring after becoming mature probably spawned farther 
north off Lofoten and Vester5len. According to LEA (1929) the duration 
of the oceanic stage varies with the individual history of the herring. 
Some individuals mature after one year, others after two or three years. 
Each year the maturing herring, which will spawn the following spring, 
split off from the stock of oceanic herring. In  the years 1962-1964 adoles- 
cent herring, predominately cf the 1959 and 1960 year-classes, were 
located off TorsvAg during the autumn. Some of these herring matured 
and migrated to the Lofoten spawning grounds for the first time in 1963 
(DEVOLD 1968), whereas others migrated westwards to the feeding areas 
off Iceland ( JAKOBSSON 1968). 

Herring approaching the Lofoten region for spawning in 1963-1 966 
stayed off northern Norway and in the Barents Sea during the young and 
adolescent phases. This component, which was separated from the main 
stock of adult herring both during spawning and on the wintering grounds, 
did not appear on the Lofoten spawning grounds in the winter of 1967 
and 1968 (DEVOLD 1968). I n  the summer and the autumn of 1966 the 
two groups had mixed and formed one stock with a spawning migration 
towards the M0re coast. After this admixture adolescent herring in waters 
off Troms and Finnmark and in  the Barents Sea therefore will appear on 
the spawning grounds off NIme somewhat later than those from the 
nursery areas farther south. 

SELIVERSTOVA (1968) tried to estimate the abundance of the 1950 
year-class which stayed in the Barents Sea during the adolescent phase 
and to determine the recruitment from the Barents Sea to the adult 
stock of the 1950 year-class in the Norwegian Sea. A relatively small 
percentage (1-3%) was found in the adult stock when the year-class 
was four to five years old, but the percentage increased to about 13-14% 
a t  an age of seven and eight years. 

No other specific recruitment pattern or mechanism can he discovered 
from the present data, but it can be concluded that variations in growth 
may influence the migration pattern and the duration of the adolescent 
phase. Growth, on the other hand, is determined by the distribution during 



the 0-group stage ancl the 0-group distribution consequently plays an 
important role in recruitment mechanism. The year by year northward 
displacement of the main spawning centre, with a corresponding north- 
ward displacement of the 0-group population may have been the primary 
cause for the extended duration of the adolescent phase of the herring 
of the 1963 and 1964 year-classes. 

A BUNDANCE OF 0-GROUP HERRlNG C O I ~ ~ P / ~ R E D  kVITH YEAR-CLASS 
STREATGTW I N  THE ADOLESCENT AND ADULT STOCKS 

The abundance estimates of 0-group herring show great variations 
from one year to another. The 1959 and 1960 year-classes were particu- 
larly i~umerous during the 0-group stage. These year-classes also were 
abuilclant throughout the adolescent phase and sl~owed up as rich year- 
classes in the adult stock both on the feeding and spawning grounds 
(DEVOLD 1968, DRAC;ESUND 1970). Similarly, year-classes with low 
abundailce during the 0-group stage, such as that of 1962, appeared to be 
weak during all the subsequent stages. The 1961, 1963 and 1964 year- 
classes were considerably more abundant as 0-group herring than those of 
1962 and 1965, though clearly less abundant than thoseof 1959 and 1960. 

In  Fig. 35 the echo abundance of 0-group herring for the 1959-1962 
year-classes is plo~ted against year-class strength in the adult stock. The 
values for adult year-class strength (at six years of age) are those obtained 
from tagging experiments and combined acoustic surveys and underwater 
photography (ANON. 1969). A very close correlation is found between the 
two independent estimates of year-class strength, and it is concluded, 
therefore, that the abundance indices of 0-group herring obtained from 
the acoustic surveys give a fairly good estimate of year-class strength. 

An indication of the relative strengths of the 1959-1965 year-classes 
in the adolescent and adult stocks can also be obtained from their fre- 
quencies in samples collected in different fislleries. These frequencies are 
compared with estimates of 0-group abuildances in Table 12. Samples 
collected during the different seasons in 1963-1968 clearly demonstrated 
that the 1959 year-class predominated over the year-class of 1960. 111 

1964 and 1965 none of the 1962 year-class ancl only a relatively small part 
of the 1960 ancl 1961 year-classes had reached maturity, and conseque~itly 
the relative strength of the 1959 year-class as indicated by the age dis- 
tribution was overestimated compared with those of 1960 ancl 1961. In 
1966-1968 the strengths of the 1960 and 1961 year-classes probably  ere 
overcstilnated in relation to the 1959 year-class as mortality had reduced 
the latter to a greater extent. The age conlpositions in Table 12 indicate 
that the relative strength of the 1959 year-class during the adolescent 
ancl adult phases was about twice that of 1960 and at least six times that 



Fig. 35. Relationship between year-class strength at  the 0-group stage and at six years 
of the 1959-1962 year-classes. 
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of 1961. This conclusion agrees fairly well with the estimates of 0-group 
abundance obtained from the acoustic surveys (Table 12). 

I n  1965-1968 none of the 1959-1962 year-classes was found in the 
fat-herring catches off Finnmark, and it is concluded, therefore, that the 
majority of these year-classes had migrated from the Barents Sea and the 
coastal areas off northern Norway. I n  these years the 1963 and 1964 
year-classes dominated in catches off Finnmark (Table 12). Up  to 1968 
the 1963 and 1964 year-classes had not joined the stock on the spawning 
grounds in significant numbers. However, in the fat-herring catches (1966- 
1968) they occurred in about the same ratio as during the 0-group stage. 
Due to the long adolescent phase the abundance of these herring will be 
considerably reduced when they reach the adult stage. In  addition to the 
high exploitation of the 1963 and 1964 year-classes, this probably is the 
primary cause for the absence of these year-classes in the spawning stock 
in 1968. 

@ 

EFFECT OF THE NOR WEGIAlV SMALL- AND FA T-HERRING FISHERIES 0 N 
RECRUITMENT TO THE ADULT STOCK 

1 2 3 
ECHO ABUNDANCE INDEX OF 0-GROUP HERRING X 10 - 5  

The stock size of adult Norwegian herring increased markedly from 
1963 to 1965, primarily because of recruits of the rich year-classes of 1959 
and 1960. From 1966 to 1968 a rapid decrease in stock size took place 
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Fig. 36. Stock size of adult 
Norwegian herring in 1959 

-1968 (ANON. 1969). 
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(Fig. 36). During this period the stock shoulcl have been recruited from 
the 1962-1964 year-classes. Although the exploitation during the late 
0-group and early I-group stages was nearly the same for these year- 
classes as for those of 1959-1961 (Pig. 34), they did not show up in 
significant numbers in the adult stock. The ratios of the yield of the 
separate year-classes of 1959-1 965 in the small-herring fisheries and the 
echo abundance of 0-group herring (inshore) show that the exploitation 
of 0- and I-group herring in the fjords generally has fluctuated in accor- 
dance with the abundance of herring (Fig. 37). I t  is concluded, therefore, 
that the variations in recruitment to the adult stock during the 1960s 
cannot be attributed to the fishery on 0- and I-group herring. 

FEDOROV, TRUSKANOV and YUDANOV (1963) pointed out that for 
adults the ratio between the strengths of weak and strong year-classes 
on the basis of catches was 118-1/14, while the ratio of the same year- 
classes in the small-herring catches was only 112-113. They take this 
to support their claim that the fishery on small-herring was an important 
factor determining recruitment during the late 1950s and early 1960s. 
MARTI (1 959), dealing with year-classes prior to those of 1959-1 965, 
held the opinion that year-classes which were Iieax~ily fished as young, 
gave relatively smaller catclzes as adults tlian those which were lightly 
fished prior to recuitment to the adult stock. 

Fig. 38 shows the ratios between year-class strength of tlie 1959-1963 
year-classes at the 0-group stage and at six years. Adult year-class strength 
for that of 1963 is based on a spawning stock size in 1969 of 1.3 million 
tons. This stock size was estimated from data in tlie report of the Atlanto- 
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Fig. 37. Ratio between catch (in tons) of 0- and I-group herring in Norwegian fjords 
and inshore echo abundance of 0-group herring of the 1959-1965 year-classes. 

Scandian Herring Working Group (ANON. 1969) applying a total annual 
mortality coefficient of Z = 0.44. For the 1964 and 1965 year-classes no 
adult abundance indices can be given. 

There is 110 marked difference in the ratios between year-class 
strengths in the 0-group and the adult stocks of the 1959-1961 year- 
classes. However, the ratios of the 1962 and especially the 1963 year- 
classes were relatively higher. This indicates that these year-classes have 
been more reduced in numbers during the young and adolescent phases 
than the 1959-1961 year-classes. The exploitation of the 1962 year-class 
was higher during the 0- and I-group stages than that of 1963 (Fig. 34). 
The same was the case for the 1961 year-class compared with that of 1963, 
but the effect of this could not be measured in the adult stock. I t  is 
difficult, therefore, to verify whether the relative abundance of poor year- 
classes decreased markedly compared with the ricli ones because of 
exploitation during the late 0-group and early I-group stages in the 
Norwegian fjords. However, the high natural mortality rate during these 
stages and the relatively low percentage of the 0-group stock present i11 
the fjords suggest that the small-herring lishery was not a determining 
factor for the total mortality of year-classes up to 1965 before they were 
recruited into the adult stock. 

The exploitation of the 1963 and 1964 year-classes during the fat- 
herring stage was five to six times higher thar~ for the 1959 and 1960 year- 
classes, and this is assumed to have reduced the i~umber of recruits of the 
1963-1 964 year-classes markedly. Since the fat-herring are exploited in 
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Fig. 38. Ratio between total 0-group echo abundance and year-class strength a t  six 
years (in tons) of the 1959-1963 year-classes. 

offshore waters and natural mortality is most likely considerably lower 
than for 0- and I-group herring, the fat-herring fishery may be expected 
to have a relatively greater effect on recruitment to the adult stock than 
the small-herring fishery on 0- and I-group herring in the Norwegian 
fjords. No exact estimate can be made of the impact of the Norwegian 
small- and fat-herring fisheries on subsequent recruitment to the adult 
stock for the year-classes of 1959-1965. However, tentative estimates have 
been made for the strong year-class of 1959 and the weaker year-class of 
1963 to study the possible reduction of year-class strength at six years 
caused by the fishery on young and adolescent herring using alternative 
values of natural mortalities. 

The catches of 0- to 111-group herring by month and district are listed 
in Tables VI I I  and IX. The catches were converted to numbers and 
reduced according to the equation 

where No is the number of herring at the time to and N, at the time t. 
h4 is the instantaneous natural mortality coefficient. 

Little is known about natural mortality of young and adolescent 
I~erring except for the late 0- and early I-group stages (Table 10). Because 
data on loss of tags are uncertain and the emigration of herring may have 
affected the estimates, fishing mortality is most likely underestimated. 
Consequently, the natural mortality may have been overestimated, and 



therefore the lowest monthly apparent natural mortality (X = 0.23) was 
used for the wintering period (October to April) of 0- and I-group herring 
in the fjords. This value corresponds to an annual MI of 2.76 (Table 13). 

It may be assumed that natural mortality is considerably reduced 
after the second growth season when most of the herring have nearly 
doubIed their lengths (Table VI).  Swimming speeds increase with the 
lengths. BLAXTER and DICKSON (1959) found that captive herring ranging 
from 1-25 cm swam at speeds (for distances a t  least ten times their body 
length) of 3-175 cm/sec. Herring 20-25 cm long could swim at nearly 
maximum speed for 1100 lengths. I t  is likely, therefore, that the predator 
effect will decrease with length and that the natural mortality is inversely 
related to length. When the herring have moved from the coast and the 
central parts of the Barents Sea, they have relatively few predators, and 
in the late adolescent phase the annual natural mortality may be of the 
same magnitude as in the adult phase, i.e. M = 0.16 (ANON. 1965). 

Tentatively, the monthly instantaneous natural mortality coefficient 
during the late I- and early 11-group stages has been graded down to 
one fourth, one half and three quarters of that in the late 0- and early 
I-group stages, i.e. to 0.0575,O. 1 15 and 0.173, respectively, corresponding 
to annual instantaneous mortality coefficients (M,) of 0.69, 1.38 and 
2.07 (Table 13). These three alternative M, values were used to calculate 
the reduction from May in the I-group stage to April in the 11-group 
stage. For the period from May in the 11-group stage to 1 January in the 
VI-group stage the annual instantaneous mortality coefficients (M,, M,, 
M,, M,) are assumed to be equal, and two different values (0.16 and 0.24) 
were used. The estimated number of herring at the VI-group stage (by 
1 January) was converted to tons by applying average weights of 2 17 and 
232 g for herring from nursery areas in Troms-Finnmark and M ~ r e -  
Tr~ndelag-Nordland, respectively (W,, TabIe 13). 

In  order to evaluate the loss due to fishing on 0- to 111-group herring, 
catches at subsequent stages (up to age six by 1 January) were estimated. 
The catches in numbers for the 1959 and 1963 year-classes in the adult 
fisheries are taken from the report of the Atlanto-Scandian Herring 
Working Group (ANON. 1969). The yield from the pre-recruit fisheries 
(fat-herring and " forfangstsild ") in Norwegian coastal waters after age 
of three years (by April) are given in Tables X and XI.  The total catches 
were reduced according to the alternative M,, M,, M,, M, values listed 
in Table 13 and converted to tons (W,). The loss due to catches of young 
and adolescent herring can he found from the expression 



Table 13. Estimates of percentage loss to year-class strength at six years due to the catches of young and adolescent herring of the 1959 and 
1963 year-classes. Catches and year-class strengths are given in thousands of metric tons. 

Loss Loss 
Alternative values due to Year- 

of annua1 natural catches of class Percentage 
Year- strength loss mortality O- to 111- to 

at six class 
'I1- V- years 

group group M, Mz M,. . .M, w, w2 
s, 

l 



where S, is the estimated size in tons of the year-class at six years assuming 
full recruitment at this age. 

The estimates show that the catches of 0- to 111-group herring may 
have reduced the 1959 year-class at six years by 8.2-20.2% and the 1963 
year-class by 37.2-48.2%. This again shows that the exploitation of the 
1963 year-class during the young and adolescent phases was considerably 
higher than for the 1959 year-class, and taking into account the subsequent 
catches (up to age six) nearly all the herring of the 1963 year-class were 
caught before recruitment into the adult stock. 

The effect of fishing on the different age groups can be a~zalysed by 
splitting the loss (W,) on 0- and I-group (wl), I- and 11-group (w,) and 
11- and 111-group (w,) herring (Table 13). The loss due to catches of O- 
and I-group herring may have reduced the 1959 and 1963 year-classes 
by 2.2-1 0.2%. Taking into account that the fjord population of the 1959 
year-class was only about 3% of the 0-group population and about 10% 
of the 1963 year-class, it may be assumed that the higher estimates in 
Table 13 represent an overestimate of the loss due to fishing on 0- and 
I-group herring. 

Further calculations have been made to estimate the yields which 
might have been obtained from the loss due to the catches of 0- to III- 
group herring if exploitation had started by 1 January at six years of 
age and continued throughout the lifespan up to an age of eighteen years. 
The number of fish by 1 January at six years of age is denoted by N,. 
When estimating N, the two highest and lowest values of M, were 
excluded. The number by 1 January the following year (N,) can be 
estimated from the expression 

where Z= (F+M) is the total annual instantaneous mortality coefficient. 

The catch in numbers from age six to seven is given by 

and from age seven to eight by 

etc. to 

F 
C,, = ~, , ( l - e - ( "*~ '  

4-M ) 



I t  has been assumed that 

F E = --- 
F + M  

and Z = (F+ M) 

d o  not change for age groups from six to eighteen years. Average values 
of exploitation rate (E = 0.64) and total annual instantaneous mortality 
coefficient (Z  = 0.44) for the 1959-1961 year-classes, which were obtained 
from the report of the Atlanto-Scandian Herring Working Group (ANON. 
1969), have therefore been used in the estimates (Table XII) .  The annual 
catches in numbers have been converted to tons and compared with the 
actual catches of 0- to 111-group herring (Table 14). The estimates show 
that about the same yield in weight would have been obtained already 
a t  the end of the third year of exploitation (starting the fishery at six 
years of age), and the total yield over the life-span (from six to eighteen 
years) would have been considerably higher. 

The tentative estimates are based on too few exact observations on 
natural mortality during the young and adolescent phases, and unknown 
factors may change the results completely. Nevertheless, they indicate 
that the fishery for young and adolescent herring may effect the subse- 
quent recruitment to the adult stock considerably. The high exploitation 
of the 1963 year-class during the fat-herring stage thus probably resulted 
in a marked reduction of this year-class before it entered the adult stock. 

Table 14. Catches of 0- to 111-group herring of the 1959 and 1963 year-classes, and 
estimates of yield which might have been obtained by refraining from these catches and 
by starting the exploitation at six years of age. The catches are given in thousands of 

metric tons. See Table XI1 for further information. 

1959 0- and I-group 176 
I- and 11-group 109 
11- and 111-group 93 

0- to 111-group 378 

Year- 
class 

Estimated yield 
Category / Catch / 

Year Alternative 1 Alternative 2 
I 

1963 0- and I-group 45 
I- and 11-group 36 
11- and 111-group 114 

0- to 111-group 195 

1969 102 78 
1970 71 54 
1971 55 42 

1969-1971 228 174 
1972-1981 108 83 - 
1969-1981 336 257 



Both the small- arid fat-herring fisheries fluctuate according to varia- 
tions in year-class strength, but other biological factors, such as distribu- 
tion, growth and migration also influence the yield of these fisheries. The 
decline in the catches of Norwegian winter herring in the late 1950s and 
early 1960s, the increase in the mid-1960s and the decrease in 1967-1968 
were primarily associated with variations in year-class strength and not 
with the Norwegian small-herring fishery in the fjords. However, an 
extension of the 0-group herring fishery to the open sea, and a high 
exploitation rate of fat-herring will result in an appreciable reduction in 
the subsequent abundance in the adult stock. Environmental factors 
presuxnably play a major role in determining the reproductive success 
of the stock (DRAGESUND 1970). However, with the spawning stock size 
a t  a relatively low level an intensified fishery may endanger the prospects 
for future reproduction of the stock of Norwegian herring. Any increase 
in the fishing rate should be avoided, and a reduction of the fisheries on 
young and adolescent lierring should be considered to improve the 
abundance of adult herring. 

S U M M A R Y  

1. Tlle distribution of young and adolescent herring in coastal and 
offshore waters of northern Norway has been investigated for the 1959- 
1965 year-classes by combined acoustic surveys and fishing experiments. 

2. In  the autumn (August-October) 0-group herring occur pelagic- 
ally in the upper 50 m of water together with the 0-group of several other 
species, such as cod, haddock, redfish, capelin and others. This compli- 
cates the charting and identification of the sound scatterers, but detailed 
studies of the echo recordings and frequent sampling in the scattering 
layer made it possible to determine the distribution of 0-group herring. 

3. In  1959, 1960, 1964 and to some extent in 1963 and 1965, 0-group 
herring had a11 oceanic distribution, and only a minor part of the 0-group 
population entered the fjords of northern Norway. I n  1961 and 1962 the 
distribution was more restricted to the coastal areas, and a greater pro- 
portion of the total 0-group population was present in the fjords. Herring 
entering the fjords at the 0-group stage in the autumn emigrate during the 
I-group stage from Marc11 to May. 

4. Herring in the northern and eastern Barents Sea had slower growth 
rates and consequently a longer phase of migration to the spawning areas 
than did those distributed farther south and west. Herring from nursery 
grounds in the Barents Sea, therefore, are considerably more reduced in 
numbers before they reach the spawning grounds off Mare than those 



which have spent their 0-group stage in the southern nursery areas in 
Norwegian coastal waters. The growth rate, therefore, may influence the 
migration pattern and the duration of the adolescent phase. Growth on 
the other hand is determined by the distribution during the 0-group stage, 
and the 0-group distribution consequently plays an important role in 
recruitment mechanism. 

5. Abundance estimates of 0-group herring were obtained from three 
independent sources, i.e. acoustic surveys, catch and effort statistics and 
tagging experiments. The 1959 year-class, but also that of 1960, were 
numerous during the 0-group stage and remained abundant throughout 
the adolescent phase and in the adult stock. Year-classes of low abundance 
at  the 0-group stage, such as the 1962 year-class, remained weak through- 
out the subsequent stages. The 1963 year-class, which was fairly abundant 
as 0-group, did not show up in significant numbers in the adult stock in 
1968 and 1969. The 1964 and 1965 year-classes have not been studied 
in their adult phase because they had not attained maturity when the 
material was compiled. The year-classes of 1963 and 1964 showed about 
the same relative strengths during the adolescent phase as at the 0-group 
stage. 

6. Mortality estimates obtained from catch and effort data and 
tagging experiments indicate that the fishing mortality of 0- and I-group 
herring in Norwegian fjords was relatively high, but because natural 
mortality was much higher, the exploitation rate was relatively low. 
Taking into account that the fjord population is only part of the total 
0-group population, it is concIuded that the fishing mortality generated 
by the 0- and I-group fishery in Norwegian fjords was too small to be the 
primary cause of the failure of recruitment to the adult stock. 

7. A considerable increase in the exploitation of fat-herring, i.e. I- to 
IV-group herring took place from 1965 to 1968. The increase in exploita- 
tion during the adolescent phase of the 1963 and 1964 year-classes com- 
pared with those of the 1959-1961, and a long duration of the migration 
of the former year-classes from the nursery areas to the spawning grounds 
may explain why the year-classes of 1963 and 1964 tended to be relatively 
weak in the adult stock. 

8. With the relatively low level of the spawning stock size an intensi- 
fied fishery on the Norwegian herring should be avoided. An extension 
of the small- and fat-herring fisheries into the open sea may result in a n  
appreciable reduction in the subsequent abundance in the adult stock, 
and a reduction of the fishery on young and adolescent herring should be 
considered to improve the abundance of adult herring. 
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T A B L E S  

'rable I. Records of fishing experiments with pelagic trawl (PT), purse seine (PS), bottom trawl (BT) and Isaacs-Kidd ten foot mid water 
trawl (IKMT) for identification of echo traces during the surveys in 1959-1965. 

No. of No. of fish per nautical mile towed or per purse seine 
Date I Gear 

i hauls, 1 
Area shot shots or 

1 1 ( samples 1 Year-class of herring I Other species 

06 27.9 P T  1 
05 30.9-2.10 PS 3 

6.10 P T  1 
04 9.10 PT 1 

8.10 PS 1 
03 18-20.10 PS 3 

22.10 PS 1 
20.10 PS 1 

02 and 10 15-16.10 Stomach content 2 
13 8.10 Stomach content 1 
15 12.10 Stomach content 1 
20 3.9 Stomach content 1 

3.9-20.10 Stomach content 2 
20.10 BT with cover 1 

2 1 9-16.10 BT with cover 4 
9.10 Stomach content 3 

25 10.10 Stomach content 1 
12.10 BT with cover 1 

2 3 10.10 Und. wat. photogr. 1 

61 1 - - Not identified 
18438 - - Not identified 

213 - Not identified 
8520 - Not identified 

685000 - - Not identified 
35032 - - Not identified 

A few hl 
Ca. 100 hl, mainly of 1957, 1958 year-classes 

8 - Not identif ied 
15 - Not identified 
24 - - Not identified 
10 - - - Not identified 

Manylsome p - Not identified 
200 - - Not identified 

8 - - Not identified 
Some - - Not identified 
Some - - Not identified 

1 - - - Not identified 
Identified as 0-gr. herring, 1959 year-class 



Table I (continued) 

1960 1 1960 1959 1958 1957 

05 28.9-2.10 IKMT 8 
29.9-2.10 PT 2 

29.9 PS 1 
04 2-23.10 IKMT 4 

2-23.10 PT 2 
3-24.1 O PS 3 

03 10.10 IKMT 1 
21-22.10 PT 2 
19--21.10 PS 3 

03 and 10 13.9-11.10 IKMT 4 
02 and 10 13.9-14.10 PS 3 
04and 12 23.9-8.10 IKMT 4 

12 8.10 PT 1 
13 15.9-13.10 IKMT 3 

13.10 PT 1 
15 and 23 16.9-12.10 IKMT 4 

15 12.10 PT 1 
20 21.9-8.10 IKMT 8 

22.9-5.10 PT 3 
7.10 PS 1 

45 - A - 12 

15 - - - 1 

266 - - 8 
4 - - 

2649 3 - 6 
298259 80 - 

7 - - - 1 
824 A few - - .. 

1064 2 - - 17 

11 - - 14 

Ca. 1300 46 54 
1 l - - 3 

- 2326 24 24 1 
2 - - 2 

25 11 - 49 

7 - - 523 

13 - 53 

139 1 A 4 
37 1 - 28 

Ca. 40000 - 



Table I (continued) 

Arca 

05 4.9 IKMT l 
3-28.9 PT  6 
6-27.9 PS 2 

04 23-26.9 P T  7 
25.9 PS 1 

03 21-23.9 PT  5 
20.9 PS 1 

03 and 10 17-20.9 PT  5 
03 22.9 PS 2 

04 and 12 9-12.9 PT  2 
12 11-12.9 PS 2 
11 23.11 PT  1 
13 1.8-20.11 PT  2 

20 9.9 PS 1 

1961 1 1961 1960 1959 1958 

Date 

2 - 39 
82 - - 5 

26540 60 - - 
83 1 - 26 

4808 - - 
70 1 1 - 13 

7370 1211 519 - 
19 1 1 - 44 
15 2 2 5 762 - - 
4 1 - - 2 3 
3 34 1008 - 

- 4 4 
Ca. 80 1 mixture of I- and 11-group herring 1959-1960 year-classes and 
O-group cod and haddock. 

3 - 72 1 

Gear 

1962 1 1962 1961 1960 1959 

05 21-23.9 PT  3 
21-27.9 PS 4 

04 17.9 PT  2 
28-29.9 PS 3 

03 13.9 IKMT 1 
13.9 PT  2 

03 and 10 5-7.9 IKMT 2 
6.9-5.1 1 PT  7 

04and 12 12.9-16.11 PT  3 
18-29.9 PS 2 

13 8.9 P T  1 

No. of 
hauls, 

shots or 
samples 

40023 5 - 1 
577066 25705 803 268 

1630 17 - 49 
15188 700 2 - 

2 - - - 
22 2 9 147 107 
4 - - 1 

135 82 253 198 
1 1 4 5 5 

- 1326 3583 25023 - 
166 - - - 14 

No. of fish per nautical mile iowed or per purse seinc 
shot 

Year-class of herring 1 Other species 



Table I (continued) 
1962 1961 1960 1 1963 

1963 d 

- 1 
l l 1 ---- - 

- l 
d 

- 280 1 d 

1 13424 d - 35 4.10 PS 1 - 
14 - IKMT 1 

96 3 2.10 1575 
- 

04 
PT 2 30.9-6.10 6 35024 - 865 

k 14 27.9-1.10 PS 11 
IKMT 4 - - 2 03 30.8-17.9 2 552 - 

e 

v 30 18-20.9 PT 3 - 
IKMT 2 - 

d 2 litres 20-2 1 .9 39 
k 

1 o 1 

)I 
- - 33 20.9 PT 

18 v 1 5 in IKMT - - 
11 N 

13 11.9 1 3 Q IKMT - - 14 4.9 1 8 6 11.9 IKMT 126 - 20 
PT 1 24.9 1963 1962 

1961 1 1964 
1964 

- - 3 
PT 2 o5 12.8-1.10 1 

IKMT 10.9 04 2 
10-28.9 PT 

2 29.9 PS 
2 15-21.9 PT 03 2 

16-25.9 PS 
IKMT 1 1 O 15.9 4 

02 and 10 13-14.9 PT 
IKMT 1 

2362 1 - 
k - - 2 

k 
- 1 

10769 - - 1 
16870 

129 
204 15 

- 20 
10939 340 

e 65 
2 - 

w 
- 

1 169 - - 24 
2 - 

12 11.9 
_C__ 



Table I (continued) 

04 and 12 10.8-26.9 PT 9 
13 13.9 IKMT 1 

11-23.9 PT 3 
15 23.9 PT 1 
20 8.9 IKMT 1 

2-23.9 PT 2 
2 1 23.7-6.9 PT 5 
37 31.8-1.9 PT 2 

1965 

Area 1 Date 1 Gear 
No. of fish per nautical mile towed or per purse seine 

shot 

No. of 
hauls, 

shots or 
Year-class of herring ( Other species 

1964 1963 1962 1961 



1960 3.10 N 70" lo', E 19" 30' 0-group 
7.10 N 74" 30', E 19" 30' 0 group 

14.10 N 70" 20', E 36" 30' 0-group 
14.10 N 69" 20', E 37" 20' I-group 
21.10 N 70" 03', E 29" 50' 0-group 
23.10 N 70" 50', E 26" 00' 0-group 

Table 11. Tagging experiments with internal steel tags on young and adolescent 
herring in coastal and offshore waters of northern Norway in 1959-1964. 

No. of 
herring tagged 

600 
1000 
2000 
600 

Date Position 
Category of 

herring 
I 

1959 1.10 N67°50 ' ,E14010 '  0-group 
2.10 N 68" 40', E 12" 45' 0-group 
8.10 N 70" lo', E 19" 30' 0-group 

19.10 N 69' 50', E 30" 30' 0-group 



Table 111. Length distribution (in cm) of 0-group herring of the 1959- 

Year- 
class / Area / Date / Gear / No. 1 6.0 6.5 7.0 7.5 8.0 8.5 

1959 05 1.10 PS 648 
2.10 PS 456 

16.11 PS 608 

6 

18 3 3 37 54 



1965 year-classes caught with purse seine (PS) and pelagic trawl (PT). 

9.0 9.5 10.0 10.5 11.0 11.5 12.0 12.5 13.0 13.5 14.0 



Table I II (continued) 

A Date / G e a r 1  No. / 5.5 6.0 6.5 7.0 7.5 8.0 8.5 

1960 07 12.11 PS 100 
14.11 PS 100 
18.11 PS 100 





Table I11 (continued) 

Year-lAreal  class Date I G e a r l N o . l  4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 





Table I11 (continued) 

Year- 
class 1AreaI Date / G e a r /  No. 1 4.5 5.0 5.5 6.0 6.5 7.0 7.5 

1963 05 5.9 PT 30 
4.10 P T  100 

16.11 PT 101 

1 6 

1 5 4 6 11 





Table I11 (continued) 

Year- 
class I A r e a I  Date / G e a r 1  No. / 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 

1964 04 9.9 PT 100 1 10.9 PT  i 100 
21.9 PT  100 
21.9 P T ,  101 
27.9 PT  96 
28.9 PT  f 100 
9.10 P T B  101 
9.10 P T  -' 65 

22.10 P T  52 
10.11 PT  53 
12.11 PT  34 
18.11 PT  100 
18.11 P T  100 
18.11 PT  100 
20.11 PT  103 
10.12 PT  101 
11.12 PT  12 
18.12 PT  100 

2 10 24 19 14 
1 4 28 31 19 9 

3 8 31 36 
1 8 13 25 26 
1 - 6 23 26 

1 5 16 60 
1 - - - - 1 1 7  

1 6 1  1 2 7 10 14 

1 2  
1 1 2 17 39 17 

2 11 20 26 
3 5 

14 
1 1 - 5 9 13 

2 





Table IV. Analysis of variance of the data in Table 111. 

Source of 
Area I Gear / Sums of Degrees of Variance of 

05, 04 and 03 PS 

variation squares freedom estimate I F Probability 

Between areas 

Between areas 12068.346 3 4022.782 (s2g) 
Within areas 1 22768.419 4191 5.433 ( s 2 ~ )  

Between areas 
Within areas 

Between samples 
Within samples 

Total 

1960 year-class 
3024.802 2 1512.401 (s2g) 

05, 04 and 03 PS 

07, 05, 04 and 03 PS 

1959 year-class 
10631.302 2 5315.651 (s") 

122725.400 25615 4.791 (sZw) - 
19181.219 3 1 618.749 (sZb) s2b - 

103544.181 25584 
<0.05 

4.047 (s2,) s 2, 

133356.702 25617 sZg - t0.05 
sZh 

Within areas 2 1462.832 3892 5.515 (sZW) 

Between samples 
Within samples 

Total 

05, 04 and 03 PS 

4563.484 14 325.963 (sZb) s2b 
16899.348 3878 4.358 (s2,) s2w 

t0.05 
iil 

24487.634 3894 S ~ B  
+P 

- t0.05 N 

s2b 

Between samples 
Within samples 

Total 

Between areas 
Within areas 

4761.771 16 297.61 1 (sZb) - s2b 
18006.648 4175 4.312 (9,) s2, 

t0 .05  

34836.765 4194 sZg - <0.05 
s2h 

Between samples 
Within samples 

1961 year-class 
341.263 2 170.632 (s2g) 

3852.209 720 5.350 (sZW) 

1589.416 5 317.883 (s") sab - 
2262.793 

t0 .05  
715 3.165 (ST,) s2w 



05 and 04 

05, 04 and 03 

1961 year-class 
5563.961 4 1390.990 (s2n) 
7530.480 1242 6.063 (sZW) 

2486.318 7 355.188 (sZb) s2b - ~ 0 . 0 5  
5044.162 1235 4.084 (sZ,) sfw 

13094.441 1246 sfb - > 0.05 
s2n 

1962 year-class 
75.579 1 75.579 (s") 

6567.199 1180 5.565 (s"~) 

2373.214 4 593.304 (s") sSb - <0.05 
4193.985 1176 3.566 (ST,) sZW 

6642.778 1181 - >0.05 L, 
s Z B  

s2b 
;f; 

130.997 2 65.499 (sZn) 
16210.148 2446 6.627 (sfW) 

6826.2 1 1 2 5 273.048 (s2b) sZb - <0.05 
9383.937 242 1 3.876 (s2,) s2n 

16341.145 2448 - > 0.0.5 
s2b 

38258.607 2 19129.303 (s2n) 
11960.318 2187 5.469 (saIv) 

2908.844 9 323.205 (s") - s2b t0.05 
905 1.474 2178 4.156 (s2,) s2w 

502 18.925 2189 stB 
<0.05 

s',, 

07, 06, 05, 04 and 03 PS 

PS 

PT 

07, 05 and 04 PS 

Between areas 
Within areas 

Between samples 
Within samples 

Total 

Bctweea areas 
Within areas 

Bctween samplcs 
Within samples 

Total 

Between areas 
Within areas 

Between samples 
Within samples 

Total 

Between areas 
Within areas 

Between samples 
Within samples 

Total 



05, 04 and 03 

Table IV (continued) 

Between areas 
Within areas 

Source of 1 Gear 1 Area variation 

Between samples 
Within samples 

Sums of Degrees of Variance of 
squares 1 freedom I estimate 1 F 1 Probability 

Total 

04 and 03 

Between areas 
Within areas 

Between samples 
Within samples 

Total 

Between areas 
Within areas 

Total 

04, 03, 02, 10, 13 and 12 PT 

1963 year-class 
858.072 2 429.036 (s") 

22565.678 1918 11.765 (s2w) 

Between samples 
Within samples 

1964 year-class 
205.966 1 205.966 (sZy) 

C1 

21332.571 2142 9.959 (s") .p iP 



Tablc V. Mean length of 0-group herring of the 1959-1965 year-classes caught with pelagic trawl (PT), purse seine (PS) and lsaacs-Kidd 
ten foot midwater trawl (IKMT). 

P T  
PT 
PS 
PT 
PS 
PS 

Stomach content 
Stomach content 
Stomach content 

T Gear 

PS 
PS 
PT 

IKMT 
PS 
PT 
PS 
PT 
PS 
PS 
PS 
PT 
PT 
PT 

IKMT 
PS 

Year- 
Mean 

Date of No. of No. of Standard Standard 1 r e a  , 
class sampling 1 sam;.les fish 1 irf1 1 deviation error 

I 
I 



Table V (continued) 

07 PS 
06 PS 
05 PT 
05 PS 
04 PT 
04 PS 
03 PT 
03 PS 
10 PT 

12 and 20 PT and PS 

Year- 
class 

Date of No. of No. of 
Mean 
length Standard Standard 

sampling 1 sa111ples fish il I:ln I cieviation error 





Tablc VI. Mean annual length increments (t in cm) of herring (1959 year-class) collected in diffcrcnt regions in 1961-1965, s = standard 
deviation and s/vG = standard error. 

Region 1 Date 1 * 1 I i 2  $2 ls2/v;.Ii3 I s3 IS3iv+. I s4 S4iv6 

Off Vesterllen 1961 24.8-6.9 116 
Off Torsvag 12-22.9 166 
Off North Cape 11-22.9 89 
Off eastern 

Finnmark 20.9 30 

Off eastern 
Finnmark 1962 18.2-6.3 32 

Off Iceland 21.7-14.9 100 
Off Torsvig 18-29.9 237 
Off Finnmark 1.7-2.8 391 
Off castern 

Finnmark 13.9-5.1 1 51 

Off Iceland 1963 29.7-14.8 102 
Off Torsvag 1-30.10 130 

Off M ~ r e  1964 17-20.2 107 
Off Lofoten 2-4.3 106 

Off More 1965 15.2 96 
Off Lofoten 18-20.2 99 

9.44 1.62 0.15 
8.88 1.00 0.08 
8.03 0.97 0.10 

7.05 0.72 0.13 

7.64 1.00 0.18 
8.82 1.30 0.13 
7.69 1.20 0.08 
7.53 0.96 0.05 

7.74 1.08 0.15 

9.16 1.41 0.14 
7.58 1.24 0.11 

9.46 1.15 0.11 
8.17 1.10 0.11 

8.30 1.41 0.14 
8.10 1.32 0.13 

7.71 1.34 0.12 
7.21 1.01 0.08 
6.63 0.86 0.09 

5.83 0.89 0.16 

5.63 1.02 0.18 
7.11 1.01 0.10 
6.22 0.98 0.06 
5.99 0.98 0.05 

5.57 0.83 0.12 

7.39 1.18 0.12 
6.21 1.15 0.10 

6.84 1.19 0.12 
6 .  1.02 0.10 

6.79 1.31 0.13 
6.06 1.20 0.12 

4.38 1.19 0.08 
3.86 0.80 0.04 

3.77 0.70 0.10 

6.66 1.54 0.15 
4.18 1.31 0.11 

5.92 1.68 0.16 
4.94 1.64 0.16 

5.32 1.59 0.16 
4.47 1.53 0.15 

4.40 1.21 0.12 
4.33 1.33 0.12 

4.75 1.33 0.13 
4.81 1.31 0.13 

4.99 1.41 0.14 
4.87 1.51 0.15 



Table VII. Catch of 0- and I-group herring of the 1959 and 1960 year-classes landed 
by purse seiners in different areas. 

1959 November 05 and 04 
December 05 and 04 
January 05 and 04 
February 05 and 04 
March 05 and 04 
April 05 and 04 

November 05,04 and 03 
December 05, 04 and 03 
January 05, 04 and 03 
February 05, 04 and 03 
March 05,04 and 03 
April 05, 04 and 03 

No. of vessels 

1960 December 05 and 04 
January 05 and 04 
February 05 and 04 
March 05 and 04 
April 05 and 04 

Year- 
class 

December 05, 04 and 03 
January 05, 04 and 03 
February 05,04 and 03 
March 05, 04 and 03 
April - 05, 04 and 03 

Area Month Catch in tons 



Table VIII. Catch and average weight of young and adolescent herring (1959 year-class) according 
to month and district. 

More and Roms- 
dal, Trendelas ( Nordland 1 Troms I Finnmark 

Month / Catch Weight I Catch Weight 1 Catch Weight 1 Catch Weight 
1 in tons in g 1 in tons in g ] in tons in g 1 in tons in g 
I 

,October 
November 
December 
January 
February 
March 
April 

May 
.June 
.July 
August 
September 
October 
November 
December 
January 
February 
March 
April 

May 
,June 

July 
August 
September 
October 
November 
December 

.January 
February 
March 
April 

0- nnd I-group 
9 1963 
9 5289 
9 10946 
9 10072 
9 3155 
9 487 

11 424 

I- and ZI-gtoup 
15 3395 
2 3 399 
34 716 
46 59 
48 3 
49 146 
49 1309 
49 1401 
49 1453 
49 556 
49 109 
50 2 70 

ZZ- and IZI-groz~j 
53 573 
63 749 
77 368 
93 309 
98 69 
99 1682 

100 1013 
100 514 
100 340 
100 37 
100 - 
100 - 



Table IX. Catch and averagc weight of young and adolescent herring (1963 year-class) according 
to month and district. 

October 
November 
December 
January 
February 
March 
April 

Month 

I- and 11-group 
15 1039 
2 3 837 
34 204 
46 11 
48 3 
49 322 
49 856 
49 26 1 
49 171 
- - 

May 
June 

July 
August 
September 
October 
November 
December 
January 
February 
March 
April 

M0re and Roms- 
dal, Trendelag 

Catch Weight 
in tons in g 

11- and 111-grou(, 
53 1019 
63 71 1 
77 1150 
93 832 
98 2664 
99 108 

100 11 
100 - 

May 
June 

.July 
August 
September 
October 
November 
December 
January 
February 
March 
April 

Piordland 

Catch Weight 
in tons in g 

Troms 

Catch Weight 
in tons in g 

Finnmark 

Catch Weight 
in tons in g 
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Table X. Catch and average weight of young and adolescent herring (1959 year-class) according to 
month and district. 

Month 

May 
.June 
July 
August 
September 
October 
November 
December 
January 
February 
March 
April 

May 
June 

July 
August 
September 
October 
November 
December 
January 
February 
March 
April 

May 
June 

July 
August 
September 
October 
November 
December 

More and Roms- 
dal, Trondelag 
- 

Catch Weight 
in tons in g 

111- and IV-g ozg 
5 7 141 357 100 - - - - 
5 7 143 2439 101 141 101 8059 55 
2 1 147 232 103 227 102 58948 56 
27 157 9955 108 235 104 3543 62 
11 172 7852 113 1173 107 - - 
11 199 9606 123 954 112 - - 

60 199 2974 131 39 1 117 - - 

14 199 1858 131 8 117 - - 
- - 904 131 - - - - 

- - 303 131 - - - - 
- - 149 131 - - - - 

8 199 859 131 - - - - 

IV- and V-group 
45 199 999 140 13 123 - - 
99 200 643 155 6312 135 7426 85 
74 200 6277 180 1506 160 9245 90 

113 200 3751 200 13 180 275 100 
48 200 238 200 22 200 11 120 
43 200 356 200 655 200 1121 140 
39 200 332 200 - - 60 140 , 
19 200 20 200 18 200 - - 
3 200 12 200 - - 44 140 

- - - - - - - - 
- - - - - - - - 

249 200 295 1 200 - - - - 

V-group 
- - 33 200 7 2 00 - - 
- - 49 200 4 200 - -- 

- - 6 7 200 1 2 00 - - 
- - 79 200 2 200 - - 
- - - - - - - - 

- - - - - - - - 

- - - - - - - - 

45 225 305 200 155 200 - - 

Nordland 

Catch Weight 
in tons in g 

Troms 

Catch Weight 
in tons in g 

Finnmark 

Catch Weight 
in tons in g 



Table XI. Catch and average weight of young and adolescent herring (1963  ear-class) according to 
month and district. 

Month 
Catch Weight 1 Catch Weight I Catch Weight I Catch Weight 

M0re and Roms- 
dal, Trandelag* 

1 in tons in g 1 in tons in g 1 in tons in g 1 in tons in g 
I 

111- and IT/-grouk 
100 - - 

101 - - 

103 1 102 
108 8 104 
113 3 107 
123 12 112 
131 - - 

- - - 
- 26 117 

Nordland* 

May 
June 

July 
August 
September 
October 
November 
December 
January 
February 
March 
April 

IV- and V-group 
2 

2 2 
6 

11 
43 1 
520 
207 
20 

Troms 

May 
June 

July 
August 
September 
October 
November 
December 
January 
February 
March 
April 

Finnmark 

May 
June 

July 
August 
September 
October 
November 
December 

* Data incomplete. 



Table XII. Estimated annual yields which might have been obtained from the 1959 and 1963 year- 
classes by refraining from fishing 0- to 111-group herring, and by starting the exploitation at  six years 
of age (calculated from 1 January). MI = 2.76, M, = 1.38 and two alternative values of M, = M, 
= M5 = M,, i.e. 0.16 and 0.24 have been used to estimate N,. Average values of E = 0.64 and 

Z = 0.44 are used for the period of exploitation (ANON. 1969). 

Total 

Year 

I Alternative 1 Alternative 2 

Average 
weight 

in g 

Total 1 5596 1274 336 1 4240 966 257 

Catch in 
thousands 
of metric 

tons 

No. by 
1 Jan. x 10-6 

Nn 

Catch in 
no. x 

C" 

Catch in 
thousands 
of metric 

tons 

No. by 
1 Jan. x 1 0-, 

N, 

Catch in 
no. x 

C,, 


