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The Norwegian winter herring fishery is based on pre-spawning and spawning 
concentrations of Atlanto-Scandian herring along the Norwegian wes~ coas~ in 
January, February and March. 

Throughout its history- the fishery- has been characterized by short and long 
t'erm fluctuations. DevoId ( 19'61 ) has given a review of the long term' fluctua
tions and has shown how these, may be explained by changes in the migratien 
pattern' of the herring, a theorY" which perhaps may be veli'ified in the pree.ent 
century. 

The aiml of the present· papen is to describe the changes in catch and' efforit 
in the Norwegian winter herring fishery during the postwar peried' and' t~ dis
cuss' the causes of the declining catches after 1957. 

When sampling to obtain age and length data from the winter herring fishery 
begarI'in 190T, Hjort ( 1914 ) was able' to show that; the' size of the' year-cla'sses 
VJa:ried widely_ According to Lea ( 1930 ) the difference in numerical. sitrength 
of the yearr-classes could be as much as one to ()ne hund'red. One rich yeaJr-class 
( e.g. that of 1904 ) could increase' the yield of the' fishery and domi]]8;te the 
catches for several years. Fr-om these results it was concluded' that: fluctuatrions 
in the yield ef the herring fisheries is caused by- natural variations in size 
of the Year"-classe s'. 

In analysing a~e data from the winter herring fishery the prespawning 
( "Large HeTring" ) and the' spawning ( "Spring He:rringl! ) have eften been trea
ted as separate stocks ( Runnstr0m, 1941 ). The results of the herring invest.i
gations ( age'_, growth, vertabrae counts and tagging experiments ) during the 
last:: decade' and als'o the recent changes in the migration pattern 1 confirm thait 
the Norwegian winter herring fishery is exploiting one single stock. 

Catch and: effort 

Figure 1. shows the total catch of Atlanito-Scandian herring in the Nerwegian 
Sea ( including the east and north coasts of Iceland ) since 1925. Because the 
catches of herring in these areas mainly- consist of adult herring~ the figures 
should be fairly representative for the total explo:itation of the adult stock 
of Atlanto-Scandian herring. In the post-war period the catches have increased 
rapidly ~o apprOXimately twice the pre-war' level. Until 19~B the Norwegian 
cata:h, dominated, but it has since decreased t'e less than 50 fa of the total catch. 
This reduction in the yield of the herring fishery in Norway is due to the 
failing winter herring fishery only. The landings from the Norwegian herring 
fishery off Iceland have even increased the last. years, and" in 1960 the' catch 
was about 0.7 million hI. or the same as the output from the winter herring 
fishery in 1961. This year the catch of summer herring is expected to reach 
about 1eO million' hlo 

The 6atch data from: the winter' herring fishery fer the years 1925-61 are' 
giveIT' in Table 1. The numbers have been calculated from the age' and weight 
composition. Since the composition of the catches changes during the season 
it was found necessary to split thff data and calculate the number of herring 
landed in periods of two weeks. The older spawners appear early in the season 
and leave the spawning grounds before' the recruit-spawners. At the end of the 
season the catches may consist exclusively of recruit-spawners. 

The peak catch before 1940 was reached' in 1938 with 5.3 million hI. After 
1947 the catches showed an increasing tren~ until 1956 with a top catch of 
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12~3 million hI. Since 1957 the catches have declined rapidly, amounting to 
only 0.7 million hl. in 1961. 

The gears used in the winter herring fishery are gill-net, purse-seine 
and land-seine. Table 2. shows the catch statistics for the different gears 
since 1925. The catch for drift-nets in the Table also includes the catch by 
set'-nets$ in the pre-war period the total landings by drift-net were' always 
larger than the landings by purse-seine. After 1946 the landings by purse-seine 
increased rapidly, and in 1956 70.8 % of the helE'ring catch was landed by this 
geal'\. During the last years the land-seine have been of minor importance. 

A crude effort statistic for the winter herring fishery is given in Table 3. 
For the purse-seine fishery- the number of vessels seems to be the best measure 
o:f fishing effort available. In the season of 1957, the year after' the record 
catch, 599 purse-seiners participated in the fishery, but the number has dropped 
to only 254 in 1961. Figure 2. shows the catch by purse-seine plotted against 
the numbeF of vessels. It appears that until 1956 the catoh increased with 
increasing effort. After 1957 htwever, the available population has shifted to 
a much lower level. 

The number of drifter has decreased' since 1950, from 2032 to only 789 in 
1.961. During the 1950's several drifters changes to purse-seine, but the reduc
tion during the last years in due t'o the small ~atches~ Figure 3. shows the 
catch by- dri:ft-net plotted against the number of vessels and indicates that the 
available population in the years 1954-57 have been larger than the average for 
the period 1946-60. In the drift~net fishery there is a large variation in 
:fishing intensity and fishing power of the vessels. It has therefore- been sup
posed that the number of landings would give a best measure of effort. The num
ber of landings has been calculate~ from the mean catch per day per vessel from 
in:formation given by approximately ZO-25 % of the fleet. It- is stressed however, 
that! the number of landings is not always identical with the number- o,f shots. 
During the last seasons when the catches have been small, one landing may have 
inclu-ded catches from two Jr more shots. 

Since 1946 there has also been a rapid growth in fishing efficiency, :for 
purse-seiners as well as for drifters, due to technical advances in gear and 
in :fish location methods. Thus, in 1946 less than 10 % of the fleet was :fitted 
with e~ho-sounders, while to-day almost every vessel has an echo-seunder and 
nearly all the purse-seiners have an ASDIC in addition. The fishing efficiency 
therefore must be higher in 1960 than it was in 1946. It is difficult, if not 
impossible however, to adjust for this increasing efficiency. 

Catch per unit effort 

Figures 4 and 5. show the catches in hl, number of herring and number of 
herring per unit effort' by purse-seine and drift-net respectively. As previously 
mentioned, the catches by purse-seine increased rapidly- after 1946 and in 1954-56 
the catches were on an average, four times the pre-war level ( 1935-40 ). The 
catche s per unit e:f:fort: ( number- of vessels ) show that the large increase in 
the total landings by purse-seine mainly- was an effect of increased e:ffort~ 

The drift-net landings also increased a:fter 1947 compared with the pre-war 
level, but they do not show an increasing trend in the fifties. As figure 5. 
indicates, the number per landings shows only- small variations. HoweveF, both 
sets of data of catch per effort' for purse-seine and for drift-net agree in 
showing a relatively high level in 1948 and 1950, a slight decrease in 1951-53, 
an increase in 1954-56 and after.:' 1951 a definite declining trend .. 

If the estimated catch in numbers per unit effort is used as an abundance 
index, it seems that the stock available ~o the fishing fleet for the last :four 
years has been considerably reduced. The purse-seine catch per e:ffor~ shows a 
reduction: to about one fifth of the 1954-56 level, while the dri:ft-net data 
show a reduction ito only <Jne-half. It is likely- that the true value of the reduc
tion in stock abundance from 1954-56 lies between these two estimates. 

Estimation of total mortality 

The age-composition for the years 1946-60 are shown in Tables 4 and 5. as 
number per vessel for the purse-seine fishery and as number per landing for 
the drift-net fishery. The se- Tables list a few immature fish which occasionally 
occur in the catches, mainly as two, three or :four years old. Since the samples 
for age have been collected mainly from the purse-seine catches all samples 
had to be lumped together irrespective of the gear used. This in:fers that the 
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estimated age'-compo si tion for the drift-net catche s are slightly biased 1 

giving largen numbers of the younger age groups, mainly immature herring 
which usually not is retained by the drift-ne~. The numbers grouped under 
f! ? !f in the Tables are herring with regenerated scales or scales which 
could not be used for age determination. This group have ~ higher mean 
length than the rest of the samples, showing that it is dominated by herring 
from the older age groups. 

Individuals from one year-class may attain maturity at an age betweerr 
three and nine years. O'nly older age groups whic'h are fully recrui t'ed' should 
therefo:rre be used for estimation of mortality rates. However., this difficulty 
is avoided by using the spawning-group composition. In the spawning-group 
composition the variation in year-class strength is diminished because, each 
spawning-group consists of several different year'-classes. In Tables 6 and 7. 
are given the spawning-group composi tiorr as number per unit efforit for, purse
seine and for d.rift .... net. 

Table 8. shows the estimated total instantaneous mortality coef'f'icients 
f'rom the data in Tables 4 to 7 f'or each year-class and spavming-class in 
succe:ssive years of lif'e between 1946 and 1960'. For compaTisorr the mortality 
(]!;oeff'icients for the age' groups sevew t'o itwelve years are also included in th~ 
Table. 

There is a large variatiorT in the values of the mortali i±y coef'ficients. 
The value f'or the spawning-groups 11/111 are often negative or very small, 
while the values for the 1/11 group are unexpectedly- large. lit has always been 
noticed that the number of second time spawners in the samples are s:nall com
pared with the number of I. and' Ill. spawners. So far it has not been po ssible 
to deduce whether the small numbers of 11. spawners should be attributed to 
misinterpretation of' the spawning rings on the scales or if' the 11 .. spawners 
are less available to the fishing f'leet due ito a migration pattern different 
from the other groups. 

It appears from Table 8. that during the period t946 to 1960' the estimated: 
total instantaneous mortality coef'ficients have fluctuated widely. In some 
years there: is also a larg dif'ference in the estimated values for purse-seine 
and drif't-net .. For the years 1949/50' and 1953/54 the mortality coefficients 
are' negative or nought for both gears. It is known from fishery reports that 
the avaiIabili ty was high in 1950' and' 1954. In 1950' the f'ishing was stopped 
for one week because of ins~ficient capacity of' the herring meal-and oil 
factories. 

In 1957 and 1958 the availability'was low, due to laite arrival of the her
ring and shifting to more northern spawning grounds. Ill' addition, the weather 
was very stormy and especially unfavorable for the purse-seine fishery~ The 
estimated values of mortality coefficients also show a much larger value for 
the purse-seine than for the drift-net. 

The mortality coefficients for the age groups shown in Table 8, are much 
smaller in value than the corresponding values for the spawning groups. This 
result may be expected if some of the age groups involved have not beeTh fully 
recruited. 

The variations in the mortality coefficients from year to year-may be dimi
nished by grouping the data. The number per effort' in Tables 6 and 7. have been 
grouped in three periods; 1'946/50', 1951/55 and 1956/60'. Figure 6 shows the 
logarithm of the numbers plotted against spawning-group numb e rr. The slope of 
the line fitted to the plots for the period 1956/60' gives an estilJIl8:te of 0'.25' 
as the total mortality coefficient. The plots of the first period (1946/~O') 
fall on about the same line, while the plots for the period 1951/55 show 
an increase of the older spawning groups~ This may have been caused by the 
rapid increase in eJ§:f:'iciency of the fishing effort whic-h may give larger 
catches per unit effort than those obtained in the preceding years. 

The estima~ed total mortality coefficients shown in Table 8. and Figure 6 
do not suggest- any change in total. mortality since 1946. The increase in total 
mortality caused by higher effort in the 195O"s may have been to small to be 
calculated from the present data due to the large fluctuations in avail.ability. 

Recruitment 

Since 1946 only four year-classes wiiih above averEfge abundance have: entered 
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the winter: herring fishery. These' are the yearr-classes 1943,1'944,1947 and 1950. 

The' totaJL number' per unit ef'forit in the- life-spaB of a year-class should 
give an estimate of the numerical strength of the year-class, provided the uniiL 
of effort' has not changed considerably during the period. Table g. shows the; 
total sum of the numbers per unit effort for the age groups 2-10 years of the 
year-classes 1943 to 1951. Be'ca]l'se of the: increasing efficiency the youngest 
yeaIl-classes are probably overestimated. The data show that the ratio be-tween 
the smallest and the largest year-class, 194'9 and 1950 repectively, is one to 
fift.een. The year-classes 1943 and 1944 give a ratio of about one to one, buit 
give a ratio of about one to two when compared with the 1950 year-class. 

As mentioned above the year-class 1950 has dominated the fishery- since; 
1954 and even in 1961 accounted for nearly 60 % of the catch. 

lit appears frf\m Table s 6 and 7. thait since 1957 the recrui tmenii has beeID 
low. In 1960 less than 3 % of the spawning stock were recruit-spawners compared 
with 34 % reo:tJ:Cljit'-spawners in 1955. Since 1946 there have been two periods 
with high recruitment, 1948-49 and 1954-57. In the first period' the yeaE'-classes 
1943 and 1944 were recruiited, while in the last period the 1950 year-class domi
nated. 

A rich yearr-class usually has a wider-range of age at first spawning tha~ 
a po on year-class~ The 1950 yea:u--olass thus made up a substantial part of the' 
recruit-spawners even in 1958 and 1959. The year-classes subsequent ito 1945 
have showed an increasing mean age at- their first spawning, while the mean age; 
had decreased for all the year-classes after- 19'34 ( 0tsvedit, 1:958 ). The 1950 
year-class had a meaN age at first spawning of 7.7 years for herring of the 
northern; growth type compared with 5.1 for the' 1945 year-class. This explains 
the large number of recruit-spawners in 1957. 

As shown in Tables 6 and T. the reduction in numbers per effort since 1951 
has bee]] much greater for the recrui t-spawners than for arq of the f)therr spaw
nings groups. Figure 7. shows the relationship of catch of recruits per effort 
on total. catch per effort for purse-seine and' drift-met. Wh8'll1 we compare' the' 
figures for the two gears it can be; seen that' there is a significant difference', 
with the purse-seine fishery showing a high relationship between catch of re
cruits and total catch o Thus it seems that the recruit-spawners are more avail
able to the purse-seiners than are the other spawning groups. A possible expla
nation might be due to difference in schooling behaviour and' migration toO more 
sheltered waters. For the drift-net fishe:uy the gear selection may reduc'a the, 
catches of recrui t-spawners. A consequence of this is that high catches for 
the' purse-seine fishery can only be expected in years with high recrui tme:r.r:i:t. 
If this holds true it explains the much greater decline in catch per ef'forti 
for the purse-seine fisherY' as compared wi ith the drift-net fishery , ( Figur-:-es 
4 and 5; ~ Am index of stock abundance of the purse-seine fishery based on catch 
per efforit will thereforre tend to be grea terr in years with high re crui tment, 
and lower in years with low recruitment' .. 

The year-classes 1951 ito 195'6 which unitil 1960 were recruiited to the:: winter 
herring fishery are all very small. Echo'-surveys along the Norwegia:rn coasit and' in 
the Barents Sea have indicated that the 1'957 and 1958 year-classes' are; below 
average in size, while the 1959 year-class may be; above average' (Dragesund, 1961) .. 
It is therefo]'" expecteGf that recruitment will also be low in the 1962 season& 

COJ1Dclusion 

The above data indicate that.~ increasing ('atches per unit ef'fort, in the 
winter' herring fishery usually coincide with the reDruitmen~ of rich yea]'"
classes to the spawning stock. 

During the last foul" years the recruitment has beeID very l~w due to a 
series of year-classes whi~h are below average in sizeo lit seems fair ita con
clude therefore that the declining catches of winter herring mainly resulted 
from depletion: of the spawning stock, because of low recrui truent; and' not because, 
of higher mortality rates due ito increased efforit. 

I:rm the lasit years the pattern of migration has changed, causing late arri
val of the herring and a shifting to more northern spawning grounds. This 
changes have undoubt;edlY' reduced the availabilitY' and have therefore accelerated 
the reduction in the catches C'f winter herring. 
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The' recent; long series of small year-classes may have been d-ue to the, 
shifting to ether spawning grounds which may- have been less favorable- ita 
the broods. 

Ref'erences 

DevoId, F' 9 1961, The life history of the Atlanto-Scandian herring. 
H~rring symposium, contrib. No~ 40. 

Dragesund, 0 .. , 1961. Norwegian immatur-e herring investigations in 1959. 

H jorit;, J • 9 1914. 

1930. 

Runnstr0m,S.1941. 

0stvedt'90.J., 195'80 

Ann.biol. 9 Copenhague, 16 (1959): 170-171. 

Fluctuat~ons in the great Fisheries of Northern Europe. 
Rapp. Cons. Exlor. Me:rr., 20. 

Mortality in the tribe of the Norwegian herring. 
Rapp. Cons. Explor. Mer. 9 30: 100-117. 

Racial analysis of the: herring in Norwegian waterso 
Rep. Norwo Fish. Inves~. 6(7) : 1-110. 

Some consideration concermng the homogeneity of the 
At-lan~o-Scandian herring. Rapp .. Censo Explor. Mer. 9 
143 (2) ! 53-57. 



Table 1. Norwegian Winter Herring. Total catch, 1925 - 61. 

Hl. Tons. Numbers 
Year Thousands of' hl. - Millions of' herring. 

1925 2503 250 263 
26 2550 254 980 
27 2817 281 776 
28 3006 300 642 

29 3435 343 532 
1930 4750 474 973 

31 3054 305 446 
32 3648 364 799 

'- '" 

33 3298 329 835 
-,' ;.-

34 1108 110 771 

35 4312 401 012 

36 5196 483 227 

37 3430 318 981 

38 5338 496 428 

39 4435 412 426 

1940 4400 409 220 
41 2306 214 475 
42 2725 253 404 

43 2456 228 419 
44 3227 300 085 
45 3759 349 600 
46 3846 :35' 633 1302 

47 5315 494 270 1755 
48 8813 819 583 3130 

49 6103 567 467 2251 

1950 8294 771 306 2999 
51 9548 888 006 2880 

52 8822 820 471 2614 

53 /7205 670 084 2096 

54 11744 1092 230 3554 

55 10381 965 413 3559 
56 12321 1145 859 3960 

57 8555 795 582 2906 
58 3713 345 294 1144 

59 4477 416 360 1278 
1960 3227 300 111 921 

61 742 .69 006 
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Table 3. Norwegian winter herring. Fishing effort. 

Purse-seine Drift-rlet. 

Year Number of Number of Hean catch Number of 

vessels vessels per day Her , f '< vessels 'hI) Landings 

1946 273 1866 

47 261 1876 101 .9 27100 
48 312 2032 120.0 37700 
49 350 1955 110.4 22900 

1950 385 2045 122.2 25300 

51 434 1975 1 2lj,. 3 31300 

52 474 1885 108.3 33600 

53 482 1587 125.8 19400 

54 492 1460 157.1 24100 

55 549 1435 120.4 29900 

56 561 1321 121 .2 29400 

57 599 1408 126. 1 28500 

58 593 1413 89.7 20400 

59 564 1297 96.9 23400 
1960 439 1162 72.1 20100 

61 254 789 
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Table 9. Total catch in million fish and number per effort of the 

year-classes 1943-1951, age-groups 2 - 10 years. 

- - - - - - - - - - - - - I - - - - - - - - - - - - - - - - - -
I 
! Total catch 

I 
Catch / effort I ~ 

I 1- -' - - - - - - -Purse=seine DrIft-net Year-class I in million I I 
i I ! 
I i number/vessel I number/landings 
I fish I I 
I ! in thousands I 

- - 1. - I _f_ - - - - - -- - - - - - --1'- - - - - - - - - -i I 
I I I 

1943 I 
3,546.3 I 4,886 I 58,266 ! I I 

I I 

1944 
I 

4,052 
I 

44,347 2,983.2 I I 
I I 
I I 

194 5 1 ,057. 1 I 1 ,40LJ· I 15,025 I I 
I I 

1946 832.3 
I 

1 ,104 I 11 ,470 I I 
I I 
I I 

1947 2,244.3 I 2,914 I 30,130 
I I 
I I 

1948 760.4 I 
933 I 10,189 I I 

i ! 

1949 492.4 
I I 

6,870 I 585 I 
I I 
I I 

1950 8,015.5 I 9,081 I 115, D 56 I I 
I I 

1951 899.1 
I 

1,047 
I 

14,000 I I 
I I 
I I 

- - - - - - - - - - - - - - - .J - - - - - - - - -,- - - - - - - - - -
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