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ABSTRACT 

DRAGESUND, 0 .  and ULLTANG, (3. 1978. Stock size fluctuations and rate of exploitation of the 
Norwegian spring spawning herring, 1950-1974. FiskUir. Skr. Ser. HavUnders., 16: 315-337. 

The collapse of the Norwegian spring spawning herring stock is described, followed by a 
discussion of the causes. Stock size and fishing mortality were calculated from virtual populati- 
on analysis for the years 1950-1974. The analysis showed that the youngherring fishery had a 
serious effect on the recruitment to the adult stock during the whole period. The 1961 year 
class was the last one which survived the small- and fat-herring fisheries in any quantity. 

The fishing mortalities on the adult stock were at a low or moderate level until 1964. 
Thereafter a rapid increase in the fishing mortalities took place, primarily as a result of the 
escalation in the sunliner and autumn fisheries off Iceland. 

The  result of the investigation leaves no doubt that the fishing pressure was the primary 
factor for the collapse of this herring stock. 

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

Traditionally the main fishery on the adult stock of Norwegian spring 
spawning herring took place in winter along the Norwegian west coast prior 
to and during the spawning season (DEVOLD 1963). Another important 
fishery, the summer and autumn herring fishery, took place on the feeding 
grounds along the Polar front in the Norwegian Sea. This fishery was for a 
long period located off northern and northeastern Iceland exploiting 
mainly the adult stock UAKOBSSON 1963). During the last two decades there 
has been a drastic change in the migration pattern of the adult stock, and 
this has strongly influenced the location of the summer and autumn as well 
as the winter herring fishery (DEVOLD 1968, JAKOBSSON 1968). 

Although the total catch of adult herring (including the summer and 



Table 1 . Total catch in thousand metric tons of adult Norwegian spring spawning herring 
1950-197 1 . 

autumn fishery) has to a large extent fluctuated in relation to the entrance of 
strong year ciasses throughout the history of the fishery (GSTVEDT 1963). 
this phenomenon has been especially pronounced during the period 
1950-1970 (ANON . 1970) . Thus the very rich 1950 year class caused high 
catches in the adult herring fisheries in the inid 1950s. and the strong year 
classes of 1959 and 1960 gave high yields in the years 1964-1967 (Table 1) . 
Both periods of high catches were followed by a decline which was most 
striking in the latter period when the decrease in the adult stock was 
accelerated by an increase in exploitation rate compared to earlier periods . 
However. the decline was primarily caused by practically no recruitment to 
the adult stock after the 1959 and 1960 year classes were fully recruited to 
the stock in 1966 . 

From 1965 onwards a rapid decrease in the stock size took place. and in 
1969-1971 the catches in both the adult summer and winter herring 
fisheries were negligible compared with those of earlier years . During the 
spawningseason of 1972 almost no herring were recorded on the traditional 
spawninggrounds. and the spawningstock was reduced to an extraordinari- 



Table 2 . Catches in thousand metric tons of stnatl and fat herring taken by Norwzy and 
USSR 1950-1974 . Herring caught south of Stad are excluded except for Norwegiart 
siilali herring catches in 1950-1959 . 

Year 

-t Average catch for the period 1941-1950 . 

ly low level . In 1973-1975 a slight increase in the spawning stock took place 
due to recruitment from the 1969 year class . (ANON . 1974. 1975 a. 1976.) 

In addition to the fishery on adults there was a fishery on young and 
adolescent herring in the Norwegian fjords. mainly in northern Norway . 
This fishery is based on the small-herring (smisild). i . e . mainly 0- and 
I-group fish. and on the fat-herring (feitsild). i . e . I- to IV-group herring 
(DRAGESUND 1970) . The catches of small-herring have declined since the mid 
1960s (Table 2) . This decline was largely determined by the low abundance 
of small-herring due to a series of weak to moderate year classes after 1965 . 
Catches of the fat-herring increased considerably in the years 1966-1968 
after having fluctuated with no definite trend in the years 1950-1965 
(Table 2) . 



The description of the collapse of the stock of Norwegian spring spaw- 
ning herring is well documented in several reports (ANON. 1970, 1972, 
1975 b). The aim of the present paper is to give an ailalysis of the effect of 
the fishery on the stock during the period 1950-1974. 

M A T E R I A L S  A N D  M E T H O D S  

Stock size and fishing mortality were calculated from Virtual Populat~on 
Analysis (VPA), the main input data being the total catch in number by age 
in the different years. Catches in weight were converted separately to catch 
in number by age for the adult fisheries and the young and adolescent 
herring fisheries (small- and fat-herring). 

The catch in number by year class in the adult fisheries from 1962 to 
1970, given by the Working Group on Atlanto-Scandian Herring (ANON. 
1970, 1972), was extended to cover the period 1950-197 1 and all age 
groups in the adult fisheries (Table 3) by utilizing: 

(i) Data on age composition in the winter fishery 1950-1970 and the 
summer and autumn fishery 1962--1970 given in ANON. (1970,1972). 

(ii) Data on mean weight of herring from the winter fishery 1950-1961 
available frorn the records of Institute of Marine Research, Bergen. 

(iii) Icelandic data on age composition in the summer and autumn fishery 
in 1950-196 1 as reported in Annales Biologiques (ANON. 
1951-1954, ANON. 1956-1963). 

(iv) Icelandic data on mean weight by age during the summer and autumn 
fishery (JACOBSSON, personal communication). 

(v) Data on age composition and mean weight in catches from the Norwe- 
gian winter fishery 197 1. 

The catch in number by year class in the young and adolescent herring 
fisheries in 1950-1974 (Table 4) were obtained by utilizing: 

(i) Data on catch by year class in the small-herring fishery given in DRAGE- 
SUND (1970) and data from the records of the Institute of Marine 
Research, Bergen. 

(ii) Data on age composition in the fat-herring fishery given in DRAGESUND 
(1970) and data from the records of the Institute of Marine Research, 
Bergen. 

(iii) Data on mean weight by month and district for year classes going 
through the small- and fat-herring fisheries from the 0-group to the 
adolescent stage given in DRACESUND (1970). 

A constant natural mortality of M=0.16, as estimated by the Working 
Group on Atlanto-Scandian herring (ANON 1970), was assumed for the 

whole period 1950-1974 for all age groups. The Working Group arrived at 
the estimate by utilizing data on catch in number by age for 4 years old and 
older herring. It is, therefore, uncertain how representative the figure 0.16 
is for younger age groups. 



Table 3 . Catch in numbers (millions) of Norwegian spring spawning herring in the adult 
fisheries 1950-197 1 . 

Year 
class 

1930 . . . . . .  
1931 . . . . . .  
1932 . . . . . .  
1933 . . . . . .  
1934 . . . . . .  
1935 . . . . . .  
1936 . . . . . .  
1937 . . . . . .  
1938 . . . . . .  
1939 . . . . . .  
1940 . . . . . .  
1941 . . . . . .  
1942 . . . . . .  
1943 . . . . . .  
1944 . . . . . .  
1945 . . . . . .  
1946 . . . . . .  
1947 . . . . . .  

. . . . . .  1948 
1949 . . . . . .  
1950 . . . . . .  
1951 . . . . . .  
1952 . . . . . .  
1953 . . . . . .  
1954 . . . . . .  
1955 . . . . . .  
1956 . . . . . .  
1957 . . . . . .  
1958 . . . . . .  
1959 . . . . . .  
1960 . . . . . .  
1961 . . . . . .  
1962 . . . . . .  
1963 . . . . . .  
1964 . . . . . .  

. . . . . .  1965 
1966 . . . . . .  
1967 . . . . . .  
1968 . . . . . .  

Total . . . . .  

Year 

1950 

3.6 
0.9 0.5 

18.5 8.7 3.8 
42.4 18.4 28.1 22.2 

171.9 158.0 127.7 95.4 63.2 
107.0 119.5 83.2 89.6 80.0 43.0 
66.4 47.4 65.3 73.8 89.2 72.6 45.0 

368.3 348.0 256.3 233.9 247.4 104.6 75.7 31.3 
194.5 253.5 186.5 215.5 196.6 141.6 137.5 52.0 
86.9 107.6 106.8 98.8 126.8 115.2 122.8 61.8 

109.5 103.1 107.7 94.1 133.0 103.6 95.2 60.1 
88.6 82.7 85.7 91.2 100.6 84.6 88.9 42.5 
79.5 77.1 79.2 61.7 88.4 58.7 63.0 33.7 

628.6 602.0 377.9 394.9 460.7 203.2 163.3 131.6 
547.0 515.6 380.2 314.1 440.4 295.6 272.8 149.3 
185.5 164.4 204.5 110.9 199.8 193.4 198.3 121.2 
184.8 172.4 136.3 81.9 128.1 85.5 130.7 88.4 
276.2 383.8 602.3 355.6 490.3 274.7 264.2 182.5 

6.6 60.5 100.9 236.0 189.6 203.9 127.3 
39.3 46.6 142.9 114.3 110.0 72.0 

98.2 1083.9 1 954.3 2 375.4 1 946.4 
55.8 262.2 275.8 220.5 

62.4 232.7 144.0 
27.9 246.1 

13.0 

3 160.1 3 169.3 2 931.1 2 579.3 4 363.1 4 358.8 4 883.1 3 723.7 

1951 1952 1953 1954 1955 1956 1957 



Table 3 (cont.) 

Year 
class 

1930 . . . . . . . . . . . . . . .  
1931 . . . . . . . . . . . . . . .  
1932 . . . . . . . . . . . . . . .  
1933 . . . . . . . . . . . . . . .  
1934 . . . . . . . . . . . . . . .  
1935 . . . . . . . . . . . . . . .  
1936 . . . . . . . . . . . . . . .  
1937 . . . . . . . . . . . . . . .  
1938 . . . . . . . . . . . . . . .  
1939 . . . . . . . . . . . . . . .  
1940 . . . . . . . . . . . . . . .  
1941 . . . . . . . . . . . . . . .  
1942 . . . . . . . . . . . . . . .  
1943 . . . . . . . . . . . . . . .  
1944 . . . . . . . . . . . . . . .  
1945 . . . . . . . . . . . . . . .  
1946 . . . . . . . . . . . . . . .  
1947 . . . . . . . . . . . . . . .  
1948 . . . . . . . . . . . . . . .  
1949 . . . . . . . . . . . . . . .  
1950 . . . . . . . . . . . . . . .  
1951 . . . . . . . . . . . . . . .  
1952 . . . . . . . . . . . . . . .  
1953 . . . . . . . . . . . . . . .  
1954 . . . . . . . . . . . . . . .  
1955 . . . . . . . . . . . . . . .  
1956 . . . . . . . . . . . . . . .  
1957 . . . . . . . . . . . . . . .  
1958 . . . . . . . . . . . . . . .  
1959 . . . . . . . . . . . . . . .  
1960 . . . . . . . . . . . . . . .  
1961 . . . . . . . . . . . . . . .  
1962 . . . . . . . . . . . . . . .  
1963 . . . . . . . . . . . . . . .  
1964 . . . . . . . . . . . . . . .  
1965 . . . . . . . . . . . . . . .  
1966 . . . . . . . . . . . . . . .  
1967 . . . . . . . . . . . . . . .  
1968 . . . . . . . . . . . . . . .  

Total . . . . . . . . . . . . . .  

year 

32.7 
27.7 27.6 
46.6 27.7 15.1 
44.9 31.2 19.9 2.1 
34.3 22.6 19.8 3.4 5.1 
69.4 41.6 27.9 4.5 13.5 1.9 
70.9 85.2 39.0 12.7 16.8 7.7 10.8 
77.4 77.4 47.2 15.7 30.3 19.3 14.3 
98.7 88.5 56.7 21.7 30.3 25.1 7.2 

200.9 198.0 153.5 63.0 79.2 61.8 46.6 
123.0 124.3 129.7 45.0 64.1 60.6 43.2 
70.7 88.6 85.2 49.7 49.3 79.8 46.1 

959.1 1084.8 1 163.0 727.6 959.3 932.7 771.6 
192.9 239.7 203.9 136.1 138.9 174.1 151.9 
87.5 113.8 73.2 49.2 59.8 92.5 83.2 

100.3 138.0 93.8 61.5 64.1 107.7 96.3 
16.1 24.6 21.6 19.4 13.3 9.3 29.3 
8 . 0  22.8 23.3 14.9 20.2 18.3 24.9 

7.0 4.0 4.1 6.5 3.5 3.0 
1.8 2.0 1.7 1.5 

1.4 4.9 13.1 
255.7 408.9 1 917.7 
49.8 38.2 307.6 

90.2 
2.2 

2 261.1 2 443.4 2 176.8 1 232.4 1 859.6 2 048.0 3 660.7 

1963 1964 1961 1960 1958 1962 1959 





Table 4. Catch in numbers (millions) of Norwegian spawning spring herring in the young herring fisheries (small- and fat- herring) 1950-1974. 

Total . . . . . . . . . . .  1 5 112.6 9 243.2 24 104.1 11 975.5 19 164.6 8 692.5 8 340.2 8 706.4 13 171.1 20 250.1 27 003.5 25 206.1 10 391.6 

Year 
class 

Year 

1959 1950 1954 1960 1951 1955 1961 1952 1956 1962 1963 1957 1958 



Year 
class 

1956 . . . . . . . . . . . . . . . . . . . . .  
1957 . . . . . . . . . . . . . . . . . . . . .  
1958 . . . . . . . . . . . . . . . . . . . . .  
1959 . . . . . . . . . . . . . . . . . . . . .  
1960 . . . . . . . . . . . . . . . . . . . . .  
1961 . . . . . . . . . . . . . . . . . . . . .  
1962 . . . . . . . . . . . . . . . . . . . . .  
1963 . . . . . . . . . . . . . . . . . . . . .  
1964 . . . . . . . . . . . . . . . . . . . . .  
1965 . . . . . . . . . . . . . . . . . . . . .  
1966 . . . . . . . . . . . . . . . . . . . . .  
1967 . . . . . . . . . . . . . . . . . . . . .  
1968 . . . . . . . . . . . . . . . . . . . . .  
1969 . . . . . . . . . . . . . . . . . . . . .  
1970 . . . . . . . . . . . . . . . . . . . . .  
1971 . . . . . . . . . . . . . . . . . . . . .  
1972 . . . . . . . . . . . . . . . . . . . . .  
1973 . . . . . . . . . . . . . . . . . . . . .  
1974 . . . . . . . . . . . . . . . . . . . . .  

Total . . . . . . . . . . . . . . . . . . . .  

Year 

1963 

0.1 
0.1 
0.4 0.6 

422.8 128.1 4.1 9.6 
722.2 91.4 0.7 17.2 

2 051.7 24.4 10.3 5.9 
2 122.3 218.1 78.0 1.1 
4811.0 2 728.3 2 806.5 1957.8 3 241, 4 1367, 2 1 8  

3 613 . 3 752.0 1671.0 1 395.5 1 900.6 8.9 2.9 0.1 0.5 
2 303.0 664.0 70.3 98.8 0.6 0.3 - 0.2 

3 893.0 9 911.1 385.4 188.1 17.3 0.3 1.0 0.1 
428.0 435.3 142.2 6.4 0.4 2.2 0.4 

1 782.0 507.9 33.5 1.5 1.6 0.1 
555.9 530.1 85.1 33.6 10.9 5.3 

118.9 42.9 8.5 0.8 0.2 
30.5 52.3 0.3 0.1 

178.5 25.3 10.4 
18.0 23.1 

37.8 

10 130.5 6 803.9 8 954.5 8 219.0 15 046.3 5 969.2 1405.3 709.4 160.8 278.4 56.0 77.0 

1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 



Table 5 . Spawning stock size in number (Pd x anci weight (million metric tons) and 

fishing mortality 1950-1971. The figures in brackets are uncertain because of 
the information for the VPA being from only a few years catches . 

Spawning stock size Fishing mortality 

and older 

+ Assumed value . 

R E S U L T S  

ADULT STOCK 

Table 5 shows the spawning stock size in nurnber and weight and the 
fishing mortality on 4. 5. 6. 7 years old and older herring for the years 
1950-197 1. assuming a fishing mortality of 0.3 on the fully recruited year 
classesin 197 1 . A fishing mortality of 0.3 gives a spawning stock size of about 
30 000 tonnes in 197 1 . The results of the calculations given in Table 5 are 
also plotted in Fig . 1 (stock size in number). Fig . 2 (stock size in weight) and 
Fig . 3 (fishing mortality on 7 years old and older herring) . 

The fishing mortalities are those generated by the total catch of an age 
group and not only the catch in the adult fisheries . It appears from Table 4 
that some 4. 5 and 6 years old herring are also taken in the fat-herring 



Y E A R  

Fig. 1. Spawning stock size in number and total number of 4 years old and older herring 
(broken line) for the years 1950-1971. 



Y E A R  

Fig. 2. Spawning stock size in weight for the years 1950-197 1. The broken line shows stock 
size estimates given by the Working Group on Atlanto-Scandian Herring (ANON. 1970, 
1972). 

fishery. The fishing mortalities on 4-6 years old herring have generally 
been lower than on 7 years old and older herring. The main reason for this is 
probably that these age groups show a more oceanic distribution 
throughout the year than do the older age groups. Thus, they have not been 
heavily exploited in the fat-herring fishery and have not been fully recruited 
to the adult stock. The extremely high fishing mortalities on 4 and 5 years 
old herring in 1968 (Table 5 )  were generated by the fat-herring fishery. 

The spawning stock size was calculated by assuming full recruitment to 



Y E A R  

Fig. 3. Fishing mortality on 7 years old and older herring 1950-1968. 

the adult stock at an age of 7 years. Portions of the younger year classes were 
added to the stock size of 7 years old and older herring given by the VPA. 
The quantity to be added for a year class of age t (t < 7)  was calculated by: 

Pt  Nt adult = - . N7+ 
P 7 l  

where N7+ = total number of 7 years old and older herring. 

Pt = percentage t years old herring in the winter fishery 
(Table 6 ) .  

P 7+ = percentage 7 years old and older herring in the winter 
fishery. 

The spawning stock size was at a level of about 9 million tonnes in 1950 
(Table 5, Fig. 2) and decreased to about 7 million tonnes in 1953. From 
1954 to 1957 the strong 1950 year class gradually recruited the spawning 
stock (Table 6 ) ,  resulting in an increase in stock size which reached a peak 
of about 10 million tonnes in 1957 when the year class was fully recruited. 
The stock then decreased again as a result of poor recruitment, reaching a 



minimum level of about 1.6 million tonnes in 1963. The fishing mortalities 
of the whole period 1950-1963 were 011 a low or moderate level (Table 5 ,  
Fig. 3). 

The strong 1959 year class started to recruit to the spawning stock only 
to a small extent in 1963, but in 1964 it contributed about 60% to the 
spawning stock in number (Table 6 ) .  

The stock increased to about 3.7 million tonnes in 1964 and 4.5 million 
tonnes in 1965 (Fig. 2) when also the relatively strong 1960 year class 
recruited to the stock. From 1965 onwards there was a rapid decrease in 
spawning stock size due to an almost complete stop in recruitment to the 
adult stock and strongly increasing fishing mortalities. The last year class 
which recr~~i ted  to the stock to any extent was that of 1961. The increase in 
fishing mortalities 011 the adult stock from 1964 onwards was primarily a 

Table 6. Percentage age composition of Norwegian spring spawning herring during the 
Norwegian winter fishery 1950-1970. 

') Age data from samples taken during experimental fishing. 

1962 1955 
Year 

Age 1952 1956 1950 1953 1951 1957 1954 1958 1959 1960 1961 



Table 6 (cont.) 

result of the escalation in the summer and autumn fishery off Iceland where 
the catch reached a peak about I millioli tonnes in 1966 (ANON. 1972). 

The method used for estimating the spawning stock size is liable to 
errors in the age composition of the winter herring fishery, especially when 
strong year classes younger than 7 years old are present in the spawning 
stock. This was the case in the years 1954-1956 and 1963-1965. 

After comparing the age composition of the winter herring fishery with 
the age composition of the total stock calculated by VPA, the estimates show 
that for the 1950 year class 16% of the4 years old, 47% of the 5 years old, and 
60% of the 6 years old fish spawned. For the 1959 year class the figures are 
3%, 63% and 100% respectively. 

There is an increasing trend in fishing mortality with age in the adult 
stock. This is illustrated in Fig. 4 where mean fishing mortalities of the age 
groups 7-9, 10-12 and 13-15 years are plotted for the period 
1950-1965. In the period 1956-1965 the fishing mortality is consistently 



I I I I I I I I 1 

1950 52 5 1 5 6 5 8  1960 62 6L 6 6 
Y E A R  

Fig .  4. Mean fishingmortaiity on 7-9, 10-12 and 13-15 years old herring 1950-1965 

at a minimum for the age groups 7--9 and at a maximum for those of 
13-15 years. The oldest age group used in the VPA is the 20 years old 
herring, and the difference illustrated in Fig. 4 can therefore hardly be 
explained by the fishing mortalities assumed for the oldest age groups used 
in the VPA. 

There may be several explanations for the observed increase in the 
fishing mortalities with age. 

Two possible explanations are indicated: 
1) The exploitation rate on old herring may have been higher than on 

younger herring in the summer and autumn fishery as indicated by an 
observed difference in age composition between the winter fishery and 
the summer and autumn fishery, especially in the 1950s (FRIDRIKSSON 
1963, DEVOLD 1963). It is interesting to note that the catches in the 
summer and autumn fishery show a significant increase around 1955, 



Table 7. Fishing mortality by year class and age of young herring 1950-1969. The  figures 
in brackets are uncertain because of the information for the VPA being from only 
a few years catches. 

i. e. at the same time as the observed increase in fishing mortalities with 
age began. 

2 )  Another possibility is that natural mortality increases with age. In the 
VPA the natural mortality is assumed constant; if, however, it increases 
with age, it will show up in the calculations as increasing fishing mortali- 
ties. 

Age 

0 . . . . . . . . . . . . . . . . . . . . .  
1 . . . . . . . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . . . . . . . .  

Total . . . . . . . . . . . . . . . . .  

YOUNG HERRING 

Table 7 shows the fishing mortality of the age groups 0-3 for the year 
classes 1950-1969, and Table 8 shows the year class size in number at 
different ages. The year class size of 0-group and 4 years old herring are 
plotted in Fig. 5 .  

The exploitation rate on young herring was high during the whole 
period of 1950-1969. From Fig. 5 and Table 8 it can be seen that there is 
clear correlation between year class size and survival during the young 
herring stages. The survival rate decreases with decreasing year class 

Year class 

Table 7 (cont.) 

1959 

- 

Age 

0 . . . . . . . . . . . . . . . . . . . .  
1 . . . . . . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . . . . . . .  

Total . . . . . . . . . . . . . . . .  

0.058 0.07 0.75 0.35 1.12 0.92 0.73 0.80 1.38 0.30 
0.11 0.64 0.66 0.91 1.06 1.18 1.45 1.59 1.27 0.37 
0.023 0.07 0.21 0.14 0.67 0.34 1.52 0.78 0.91 0.12 
0.016 0.04 0.03 0.04 0.04 0.04 0.10 0.73 0.15 0.10 

0.21 0.82 1.65 1.43 2.89 2.48 3.80 3.90 3.71 0.89 

1956 1950 

Year class 

1954 1957 1955 1951 

1969 

1958 

0.35 0.45 0.79 0.22 0.26 1.17 0.28 0.46 1.32 0.50 
0.92 0.58 1.62 0.18 0.44 1.38 2.63 1.18 2.36 (1.28) 
0.12 0.62 0.69 0.28 0.34 0.47 0.93 1.96 (1.41) (0.68) 
0.12 0.06 0.65 0.31 0.50 3.26 1.98 (0.41) (0.22) (0.60) 

1.51 1.71 3.75 0.98 1.53 6.28 5.82 (4.01) (5.31) (3.06) 

1952 

1967 1960 

1953 

1968 1964 1961 1965 1966 1962 1963 



Table 8. Stock size in numbers (N x of young herring by year class and age and 
survival (S) from 0-group to 4 years old 1950-1969. The figures in brackets are 
uncertain because of the information for the VPA being from only a few years 
catches. 

strength. This is illustrated in Fig. G where the logarithm of the number 
(In N) is plotted against age for two weak year classes (1955 and 1962) and 
two strong year classes (1950 and 1959). Year classes, recorded in the 1950s, 
which traditionally have been called weak, were all, compared to the results 
presented in Fig. 5, of what could be called an ordinary strength of I0 x lO9- 
30 x lo9 fish at the 0-group stage. However, year classes of strengths less 
than 20 x lo9 as 0-group survived the fishery only in small quantities to 
reach the age of 4 years. In addition to the year classes of ordinary strength 
there were three extraordinarily strong year classes (those of 1950, 1959 
and 1960). The 1965 year class (or possibly that of 1962) was the first one in 
the period studied which really should ble classified as weak. 

The decreasing survival rate with year class strength indicates that the 
same fishing effort in a purse seine fishery, such as that for young herring 

Table 8 (cont.). 

Age 

0 . . . . . . 
I . . . . . .  
2 . . . . . . 
3 . .  . . . . 
4 . . . . . .  
S . . . . . . 

Year class 

1969 

47 478 18 327 7 242 26 264 17 305 3 560 17 334 1245 2 587 1 515 
28631 9927 2807 17957 11426 94211194 669 589 (782) 
9 751 4 754 475 12 792 6 297 201 682 175 (47) (185) 
7 337 2 175 203 8 281 3 832 107 230 (21) (10) (80) 
5 552 1747 91 5 185 1987 4 (27) (12) (7) (38) 

0.117 0.095 0.013 0.197 0.115 0.001 (0.002) (0.010) (0.003) (0.025) 

- 

1960 1961 1965 1966 1967 1962 1968 1963 1964 



Y E A R  - C L A S S  

Fig. 5. Year class strength in number as 0-gi-oup and 4 years old (broken line) 1950-1969. 

going on in coastal waters, may generate a much higher fishing mortality 
when stock abundance is low than when the abundance is higher. However, 
it also reflects that strong year classes had a more offshore distribution, and 
that part of those year classes therefore were outside the traditional fishing 
areas (DRAGESUND and NAKKEN 1973). 

The 1961 year class was the last one which recruited to the spawning 
stock in any quantity (Table 6). It can be seen from Fig. 5 and Table 8 that 
some herring of the relatively strong 1963 and 1964 year classes survived to 
an age of 4 years. The portions of these two year classes which survived the 
fishery during the first years of life were, however, practically fished out in the 
fat-herring fishery in 1968 going on off the Finnmark coast. The VPA for 
that year gives fishing mortality estimates as high as 4.5 (Table 5). The 
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mortality of these two year classes at different ages is also illustrated in Fig. 6 
where In N is plotted against age. 

At the 0-group stage the 1964 and 1966 year classes were of approxima- 
tely the same strength (Table 8 ,  Fig. 5). However, the 1966 year class was 
practically fished out in the small-herring fishery in 1967 which generated a 
fishing mortality of 2.6 in that year (Table 7). When the 1967-1969 year 
classes were at the 0-group stage, they were of the order of only 10% of the 
1963,1964 and 1966 year classes (Table 8), and the 1969 year class was the 
only one which was observed in the spawning stock in any quantities the 
years 1973-1975. 

The VPA gives no reliable estimates of the strength of the 1970-1972 
year classes, but they were all very weak, tentatively of the order of 10% of 
the 1967--1969 year classes, i. e. of the order of only 1 % of the 1963, 1964 
and 1966 year classes. 

C O N C L U D I N G  R E M A R K S  

The serious effect of the young herring fishery on the recruitment to the 
adult stock is clearly illustrated in Fig. 5. Even in the 1950s a year class 
apparently had to be of a size of about 20 x lo9 in number as 0-group if a 
significant quantity was to have a chance to escape the small- and fat-herring 
fisheries. This means a year class strength of 2-3 times the average strength 
for the North Sea herring stock which has been estimated to be able to 
sustain an annual yield of about 800 thousand tonnes if properly managed 
(ANON. 1973). All year classes in the period 1950-1966, except those of 
1962 and 1965, would probably have recruited the adult stock in at least the 
same quantity as the very strong 1960 year class did if they had not been 
fished as juveniles. 

The 1963 and 1964 year classes were the last ones which survived to an 
age of 4 years in any quantity, but these two year classes were practically 
fished out in the fat-herring fishery in 1968 (Table 5, Fig. 6). DRAGESUND 
and ULLTANG (1972, 1973) discussed the possibility that increased natural 
mortality from 1968 onwards increased the rate of decline in the adult stock. 
The authors still regard this as a possibility, and it is also possible that some 
more fish of the 1963 and 1964 year classes, which never showed up in the 
spawning stock because of increased natural mortality, were left after 1968. 
Fishing mortalities of about 4.5, as estimated for these two year ciasses in 
1968, mean that only 1% of the fish present at the beginning of the year 
survived the fishery, and this seems unlikely as the year classes in question 
had an offshore distribution in 1968. 

The results of the present investigation leave, however, no doubt that 
the fishing pressure, especially on young and adolescent herring and also on 
adult herring in the years 1965-1968, was the primary factor for the 



collapse of this herring stock. A possible increased natural mortality in later 
years may have been the result of the already extremely low stock size. In  the 
same way as the fishing fleet was able to generate a much higher fishing 
mortality on weak than on strong year classes, as demonstrated in Fig. G and 
Table 7 and 8 ,  the predators may have been able to generate a much higher 
natural mortality when the stock was so strongly depleted by the fishery. 

It seems evident from Fig. 3 and 5 that the collapse could have been a 
reality at a much earlier stage if it had not been for the extraordinarily 
strong year classes of 1950, 1959 and 1960. 

The weak year classes from 1967 onwards were probably the result of 
the low spawning stock size. If the decline in spawning stock size in 1967 
reached the critical level where there is a clear relationship between spaw- 
ning stock biomass and subsequent recruitment, it means that this critical 
level for the Norwegian spring spawning herring may be of the order of 
1-2 million tonnes. The spawning stock size of 1967 was estimated to 1.3 
million tonnes, or 0.8 when catch in the winter fishery is subtracted. The 
lowest level ever recorded earlier in the period studied, was l.G million 
tonnes in 1963, or 1.5 when catch in the winter fishery is subtracted, and the 
1963 year class was relatively strong. 
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ABSTRACT 

DOMMASNES, A. 1978. Survival of tagged Barents Sea capelin (Mallotus uillosus, Miiller) and 
estimates of the 1973, 1974 and 1975 spawning stocks from tag returns. FiskDir. Skr. Ser. 
HauUnders., 16 : 339-358. 

Capelin tagged with internal stainless steel tags were kept in net enclosures for 8-9 days to 
obtain the survival factor. This was found to be 0.89 for males while additional information 
from routine tag recoveries indicated a survival factor of 0.51 for females. 

The 1973 spawning stock was calculated separately from two different groups of tagged 
fish released at different times during the fishery. The resulting estimates were 2.2 and 4.1 
million metric tonnes. 

The 1974 spawning stock was calculated from three tagging experiments. The resulting 
estimates were 5.8, 1.1 and 1.9 million tonnes. The highest value is rejected as being obviously 
too high. 

The 1975 spawning stock was calculated from two tagging experiments. Both gave an 
estimate of 1.1 million tonnes. 

Some possible causes of error in the estimates are discussed. 

INTRODUCTION 

The Institute of Marine Research has carried out tagging of capelin with 
internal stainless steel tags since 1 9 7 0 ,  mostly during the winter fisheries on 
capelin migrating to the coast of Finnmark for spawning. The tags are 
recovered in fish meal factories by means of magnets in the ~roduction line 
and during cleaning of the machinery. 

Tagging with internal metal tags and recovery by magnets was first 
described by ROUNSEFELL and DAHLGREN (1933). The method was later used 
successfully on herring (FRIDRIKSSON and AASEN 1 9 5 0 ,  1 9 5 2 ;  AASEN 1 9 5 8 ;  

DRAGESUND & HARALDSVIK 1 9 6 6 ;  ANON. 1975)  and on mackerel (HAMRE 

1975) .  



Abundance estimates of the 197 1 and 1972 spawning stocks of Barents 
Sea capelin from tag returns have been published by DRAGESUND, GJQSIETER 
and MONSTAD (1973). 

Little knowledge is available on the survival of tagged capelin. DRAGE- 
SUND, GJBSAETER and MON~TAD (1973) used 0.80 as an estimate of the survival 
factor for both females and males. Lack of information about survival has 
been one of the factors that seriously reduced the reliability of stock estima- 
tes based on tag returns. It was therefore decided to carry out a test 
experiment during the winter capelin fishery in 1974 to obtain more know- 
ledge about the survival of tagged capelin. 

T H E  S U R V I V A L  FACTOR 

THEORY 

The survival of tagged and untagged fish in the test can be expressed as 
follows: 

S 1  = N 1  . e - ( M + T i + T z + L ) . t  

S 2  = N 2  . e - ( M + T 2 ) . 1  

or: 

Ni = number of tagged fish at the start of the test 
N2 = number of untagged fish at the start of the test 
Si = number of tagged fish that survive without losing the tag 
S2 = number of untagged fish that survive 
M = instantaneous natural mortality 
Ti = instantaneous mortality caused by the tagging operation 
T2 = instantaneous mortality caused by the handling apart from the 

tagging operation 
L = instantaneous loss of tags (shedding) 
t = timeinterval 

Denoting e- fT' + L, ' ' the tagging survival factor (s) we have: 

The estimate of s obtained in this way includes the mortality caused by 
the tagging operation and the loss of tags up to time t. The estimate 
according to (11) is thus to be regarded as an overestimate, partly due to 
eventual limitation in t ,  and partly due to mortality caused by the handling 
apart from the tagging operation. 



MATERIAL AND lMETI-IOD.5 

The test was carried out. in NordvHgen, approximately 7 kilometers east 
of HonningsvHg, in February and March 1974. 

The capelin used in the experiments were caught by purse seine appro- 
ximately 60 nautical miles off the coast. After capture the fish were transfer- 
red to two tanks (each approx. 1.5 m3) on the deck of the vessel. The tanks 
were continously supplied with seawater from a pump. Transport to the 
site of the experiment took 16 hours. The position of capture and of the test 
site are indicated in Fig. 3. 

Tagging took place at the test site and was done according to the same 
procedure as in the open sea. The fish were taken one by one from the 
storage tanks with a dip net, and the tag was inserted by hand. No tagging 
gun, scalpel or other equipment was used, the tag being pressed into the 
body cavity without any sectioning in advance. This seems to cause the 
smallest wound. The tag was always inserted on the left side, slightly anteri- 
or to the anus (Fig. 1). After the tag had penetrated the body wall, it was 
turned so that it pointed straight forward, and then pushed completely into 
the abdominal cavity. Only fish larger than 15 cm were used. The tags, in 
lots of 50, were put into ajar of alcohol before use, and were picked out from 
there just before being inserted. As a result, both the tags and the fingers 
that came in contact with the wound were sterilized. 

The tagged fish were collected in buckets and released into the net 
enclosures in batches of 10-25 fish. 

The dimensions of the standard stainless steel capelin tags are 14 x 3 x 
0.3 mm (Fig. 1). 

The tagged fish and an equal number of untagged capelin were released 
into two net enclosures approximately 3.4 x 3.4 m at the surface and 
approximately 3.4 m deep. The surfaces of the enclosures were covered by 
nets. A 25 W electric lamp was placed in each enclosure to enable the fish to 
see the net wall. Into one enclosure 400 tagged and 400 untagged fish were 
released (Experiment l ) ,  into the other 300 tagged and 300 untagged fish 
(Experiment 2). The surface temperature was 3.2"C where the fish were 
caught and 2.2"C at the experiment site. 

Fig. 1. A capelin. T h e  position where the  tag is pushed into the abdomen is indicated b y  
a n  arrow. A tag is shown i n  correct relative size. 



Dead fish were scooped up  with a dip net twice on the first day after the 
experiment started and every mornil~g on the other days. The dead fish 
were examined for tags, measured, and sex and maturity were noted. All 
tagged fish had the position of the tag noted if still present. Loss of the tag 
was also noted. At the end of the test allremainingfish were scooped up, and 
the same information recorded. The sex was not noted before the fish were 
released into the enclosures. 

RESULTS AND DISCUSSION 

At the end of the test some fish were missing: in *Experiment 1. 29 
tagged and 5 untagged fish; in <<Experiment 2.79 tagged and 77 untagged 
fish. There seem to be several reasons for the loss of fish. Some fish were 
taken by kittywakes (Rissa tridactylaj as they were released into the enclosu- 
res, before the cover net was in position. According to observers ashore 
others were taken by eider ducks (Somateria mollissimaj. On two occasions 
corners of the cover net were torn loose by waves and wind so that it may 
have been possible for the ducks to dive into the enclosures. There were 
often large flocks of eider ducks around the test site. At the end of the test it 
was also found that one corner of the second enclosure (((Experiment 2.) 
where an anchor rope was fastened had been pulled under the surface by 
the current. At the same time the cover net had been pulled loose. This is 
probably the main reason why so many fish disappeared from ((Experiment 
2 >> . 

The three first series (50 fish in each series) of tagged fish in ((Experi- 
ment 1. had very high mortality the first 20 hours. Most of them seemed to 
die immediately after release into the enclosure. This was probably due to 
lack of oxygen in the bucket where the fish were kept between tagging and 
release. 

For the first three series about 25 fish were put into the bucket before 
they were transferred to the net enclosure. Later no more than 10 fish were 
collected in the bucket before transfer. For untagged fish the transfer 
probably did not create problems as it was much quicker for them. For all 
calculations except the tag retainment factor the three first series in ((Expe- 
riment l*  have been disregarded. The remaining tagged fish in ~Experi- 
ment ln, together with the 400 untagged fish in that enclosure, will be 
referred to as .Experiment la>>. 

The results (Tables 1 and 2) show a very high mortality for both tagged 
and untagged females, much higher than for males. It is not possible from 
these results to calculate any reasonable value of the survival factor for 
females. The results give reason to suspect that for females the mortality 
from other factors than the tagging operation is so large that i t  obscures the 
tagging mortality. 



Table 1. Results of Expetiment la. 

Taggecl Untagged 
Experiment la  

Released into net 
enclosures . . . . . . .  

Total nurnbel of dead 
du1111g expel trnent 

Recovered dead . . . .  
>> . . . . .  
,, . . . . .  

. . . . .  
n . . . . .  
>, . . . . .  
n . . . . .  
,, . . . . .  
,, . . . . .  

Surviving fish re- 1 I 

Date 

20 Feb. 

2 1 Feb 
21 ,, 
22 >, 
23 ,, 
24 ,, 
25 ,> 
26 ,, 
27 ,> 

28 n 

Total number of fish 
recovered . . . . . . . .  

Time 

13.05-14.35 

coverecl at end of 
experiment. . . . . . .  

Total numbel of fish 
lost . . . . . . . . . . . . . .  

28 Feb. 09.10 

9 

58') 

1 145 146 6 247 253 

Tag I etalnrnent 
factorz) . . . . . . . . . .  

') The numbers have been estimated on the assu~nptioil that the sex ratio among fish released 
was the same as among those recovered. 

z, The  tag retainment factor has been calculated from the complete *Experiment 1 >>. 

') This number has been calculated using the tag retainment factor. 

Q 

104') 

-- 0.95 

Surviving fish re- 
covered retain~rlg 
the tags3) . . . . . . . .  

cr 

192') 

- 145 

Q+cr 

250 

cr 

296') 

Q+cr 

400 



3 4 4  

Table 2. Results of Experiment 2. 

/ Tagged 1 Untaggeil 
Experiment 2 I I Q / 6 1 ?+dl Q 1 6 / Q+6 

Released into net 
enclosures . . . . . . .  

Total number of dead 1 3: 39  72 41  20 61 during experil~lent 1 
Survivi~lg fish re- 

covered at end of 
. . . . .  experiment. .  1 March 149 149 161 162 

Kecoverecl dead . . . .  
. . . . .  

>, . . . . .  
n . . . . .  

. . . . .  

. . . . .  
J) . . . . .  

. . . . .  

. . . . .  
,P . . . . .  

Total number of fish 
recovered . . . . . . . .  

20 Feb. 

2 1 Feb. 
21 ,2 

22 n 

23 n 

24 n 

25 n 

26 ,, 
27 ,, 
28 ,> 

1 March 

Total number of fish 
lost . . . . . . . . . . . . . .  

Surviving fish re- 
covered retaining 
the tags . . . . . . . . . .  

15.45-17.45 

Tag retai~lnlent 
factor . . . . . . .  

I) The  numbers have been estimated on  the assumption that the sex ratio among fish released 
was the same as among those recovered. 

45l) 2.55') 300 56l) 244') 300 



TAGGING SURVIVAL FACTOR FOR MALE CAPELIN, sd 

In order to determine the numbers of each sex that were released into 
the net enclosures at the start of the experiment it was assumed that the sex 
ratio among the fish that were released was the same as for those recovered, 
and that mortality was the same among fish lost as among those recovered. 
The corresponding values of Si ,  Ni, Sz and N2 are given in Table 3b, 
combination A. Using formula (I), .Experiment la. gives scr = 0.91 and 
((Experiment 2. gives scr = 0.87. The mean value is 0.89. 

The most obvious sources of error in these estimates are the assumptions 
of the sex ratios of the fish originally released into the enclosures, and the 
theories of what happened to the lost fish. In  Tables 3a and 3b are listed 
some other possible assumptions and the resulting values of Si, N I ,  S2, N2 

and sd. The lowest value of SCY, 0.85, is obtained from assumption E in 
<<Experiment la.. The highest value, 0.92, is obtained from several of the 
assumptions. 

It is reasonable to assume that if all the fish that were released could have 
been accounted for, the test would still have given a value ofscr somewhere 
between the above mentioned extremes. I t  is also probable that small vari- 
ations in the handling and tagging technique, as are likely to occur if the 
tagging is done by different people, may cause the survival factor to change 
beyond the extremes calculated. This was demonstrated in the report from 
the ICES Working Group on the Rloden Tagging experiment 1969/70 
(ANON. 1975) where two taggng teams were used, and it was found that the 
mean recapture rate of fish tagged by team 2 relative to team 1 was 0.73. It 
must be further remembered that scr only represents a maximum value for 
the tagging survival factor, because it does not take into account mortality 
due to stress from the catching procedure or the stay in the storage tanks. 

Table 3a. Some possible combinations ot sex ratio and mortality of the lost fish. 

A The sex ratios among the fish initially released into the enclosures was the same as 
among those recovered, and the ratio dead/survivors was the same among those lost 
as among those recovered in the groups <<tagged,, and euntagged., respectively. 

B The sex ratios among the fish initially released into the enclosures was the same as 
among those recovered, and all lost fish are considered as survivors. 

C The sex ratios among fish initially released into the enclosures was the same as among 
those recovered, and all lost fish are considered as dead. 

D All lost fish are considered as surviving males. 

E All lost fish are considered as dead males. 

F All lost fish are considered as females. 



Table 3b. Values of SI ,  N1,  S2, N2 and sd for the combinations of sex ratio and mortalicy 
given in Table 3a. Loss of tags has been included in s ,  using the <<Tag retain- 
rnent,, factors given in Tables 1 and 2. 

T H E  SIZES O F  T H E  S P A W N I N G  S T O C K S  

THEORY 

When calculating the size of the capelin population based on tagging, the 
Petersen method was used (RICKER 1975): 

C . N . s  

Experiment la  

V  = estimate of population at time of tagging, 
A 

C' = size of catch after tagging in the same unit as V, 
N = number of fish tagged, 
s = <<tagging survival factor,, which must also take into account loss of 

tags (shedding), 
R = number of tags recovered. 

Experiment 2 

When the sex of the tagged fish .is known, the calculations are based on 
male fish only. If one assumes that the proportion of male capelin in the 
catches (kd) is the same as in the spawning population, one can write: 

IVI N I  

P. C . kd . N d  . s d  
v . k d =  

Rcr 

S2 

An estimate of the total spawning population (3) disregarding natural 
mortality in the period:oncerned is found from the formula 

$ = c o + v  (IV) 
where Co is the catch taken before the tagged fish were released. 

S @  S I  S I  i\rz Nz Sz ~d 



R When the ratio- is small, the standard deviation of the inverse value C 
of V (RICKER 1975) is: 

V F  
St. dev. - = (i) C . N . s  

Using (11) and (V) one obtains the 95% limits of confidence for - : (3 

Inverting the values and introducing (IV) gives the 95% confidence 
limits for P: 

or, adapted to (111): 

MATERIAL AND METHODS 

In order to calculate the spawning population the fish tagged in 1973 
were divided into two groups, and calculations were made for each group 
separately. In 1974 three groups were used, in 1975 two groups. 

In 1973 no attempt was made to determine the sex of the tagged fish, 
and the first 1000 fish tagged in 1974 were not sexed either. Later, each 
series of 50 tags was used for one sex only. The sex was determined from 
external characters. 

The time of release for each group of tagged fish and the number of fish 
released is shown in Tables 4 , 5  and 6 for 1973, 1974 and 1975, respectively. 
The areas of release are shown in Figs. 2, 3 and 4. 

, The input data used in the calculations were obtained as follows: 

C, was obtained from the catch statistics as the total catch fished before 
the date when the first tagged fish in the group were released. R and the 
corresponcling C were obtained from plants that had a magnet efficiency 
coefficient above 3.40 in 1973, a i d  above 0.50 in  1974 and 1975. 



Table 4. Retease dates and numbers of tagged capelin released in 1973. 

I I 

I 27 Feb. 1 500 

Date 

Group 1 

Numbers released 
(Sex not determined) 

1 March 
2 . 
6 s 

8 n 

Table 5. Release dates and numbers of tagged capelin released of each sex in 1974 

Group 2 21 n 2 000 
22 n 1 500 

Group 1 

Group 2 

Table 6.  Release dates and numbers of tagged capelin released of each sex in 1975. 

Numbers released 

Date 

11 ~ i r c h  
12 . 
13 n 

14 n 

Group 3 
19 March 

20 x 

21 n 

25 n 

Group 1 

Group 2 

19 Feb. 1 000 

Numbers released 

Date 

8 March 
9 ,, 

15 March 
16 ,, 
17 P 

18 x 

cf Sex not 
determined 

? 

? 

0" 



Fig. 2. Positions where tagged capelin were released in 1973. 
1) Group I ,  2) G ~ o u p  2. 

The magnet efficiency coefficient, which is the proportion of retained 
tags to the number of tags in the catch produced, was determined by tagging 
in the usual way, but with unnumbered tags and ((releasing. on the conveyor 
belt of the meal plant concerned. Of the 6 factories tested in 1973, 5 had 
magnet efficiency coefficients above 0.40. From one of these, however, no 
numbered tags were recovered and it too has been omitted from the calcula- 
tions. In  1974, 12 factories were tested, and 7 had coefficients above 0.50. In 
1975, 8 factories were tested, and 5 had coefficients above 0.50. The rele- 
vant values of R and the corresponding corrected catch C are shown in 
Tables 7, 8 and 9. 

Where only tags from male capelin were used, the survival factor sd  
=0.89 was employed. For the 1973 material, where the sexof the tagged fish 
is not known, samples from the same area and time period indicate a sex 
ratio of 62% females to 38% males. Assuming a survival factor for females 
s p  = 0.5 1 (to be discussed later), a weighted value ofs = 0,65 is obtained for 
the 1973 material. For group 1, 1974, samples indicate a sex ratio of 50 % 
females and 50% males, and a survival factors = 0.70 has been used. 



Fig. 3. Positions where tagged capelin were released in 1974. 
1) Group 1, 2) Group 2, 3) Group 3.  The line indicates the transport of live 
capelin that were used in the tagging survival experiment. 

RESULTS AND DISCUSSION 

1973 

Equations (11) and (IV) were used for calculation of the spawning popu- 
lation, and the 9570 confidence interval was calculated from (VI). The input 
data used in the formulas are summarized in Table 10 and give the follo- 
wing results: 

Group 1 
Population estimate: = 2.18 x lo6 tonnes 

Confidence intervaC 1.93 x lo6 tonnes < P < 2.52 x lo6 tonnes 

Group 2 
4 

Population estimate: P = 4.12 x lo6 tonnes 
Confidence interval: 3.12 x lo6 tonnes < P < 6.54 x lo6 tonnes 



Table 7.  Tag return efficiencies for the factories in 1973, q~tantities delivered to the 
factories after the tags were released (in metric tonnes), corrected quantities, 
returned tags ancl returned tags per 10 000 tonnes corrected quantity. Note that 
the designations A, B,  C, . . . . do not cover the same factories each year. 

Factory 
Tag  

return 
effi- 

ciency 

1974 

For 1974 the spawning population was calculated from (11) and (IV) for 
Group 1 and from (111) and (IV) for Groups 2 and 3. The 95% confidence 
interval Mias calculated from (VI) for Group 1 and from (VII) for Groups 2 
and 3. The input data are summarized in Table 11: 

Group 1 
A 

Population estimate: P = 5.78 x lo6 tonnes 
Confidence interval: 4.10 x lo6 tonnes < P < 9.89 x 106 tonnes 

Group 1 

Group 2 
A 

Population estimate: P = 1.06 x lo6 tonnes 
Confidence interval: 1 .OO x 106 tonnes < P < 1.13 x lo6 tonnes 

Group 2 

Quan- 
tity 

tonnes 

Group 3 
A 

Population estimate: P = 1.96 x lo6 tonnes 
Confidence interval: 1.66 x lo6 tonnes < P < 2.45 x lo6 tonnes 

1975 

For 1975 the spawning population was calculated from (111) and (IV) 
and the 95% confidence interval from (VII). The input data are summari- 
zed in Table 12: 

Quan- 
tity 

tonnes 

Correc- 
ted 

quantity 

Correc- 
ted 

quantity 

Ret~trned tags 

Total 

Returned tags 

per 
tonne 
x 104 

Total 
per 

tonne 
x lo4 



Table 8. Tag return efficiencies for the factories in 1974, quantities delivered to the factories after the tags were released (in metric tonnes), 
corrected quantities, returned tags and returned tags per 10 000 tonnes corrected quantity. For Group 1 all tags returned from the 
factories in question have been used, for Groups 2 and 3 only tags from male fish. Note that the designations A, B, C, . . . .  do not coter 
the same factories each year. 

Factory 

I Group 1 I Group 2 

Tag 
return Quantity Correc- 
effi- tonnes ted 

ciency quantity 

Returned tags 
Quantity 

x 104 

Returned tags 
Correc- 

ted 

x 104 

Group 3 

Returned tags 
Quantity Correc- 
tonnes ted 

x 104 

Total . . . . . . . . . . .  I 179 935 22 124 464 540 62 759 62 



Fig. 4. Positions where tagged capetin were released in I975 
1) Group 1, 2) Group 2. 

Group 1 

Population estimate: = 1.14 x 106 tonnes 
Confidence interval: 1.02 x lo6 tonnes < P < 1.29 x lo6 tonnes 

Group 2 
A 

Population estimate: P = 1.12 X lo6 tonnes 
Confidence interval: 1.04 x 106 tonnes < P < 1.22 X 106 tonnes 

A number of factors can have caused errors in the results. Some of 
these are discussed below. 

The value used for the tagging survival factor is an obvious source of bias 
because it does not take into consideration the mortality caused by handling 
apart from the tagging operation. The actual tagging survival is therefore 
lower than indicated bys, and the population estimates given here must be 
regarded as overestimates. 

A minimum requirement if a tagging experiment is to be used for 
calculating population sizes, is that the tagged fish must be randomly distri- 
buted in the population to be estimated or the fishing effort must be 
randomly distributed. If neither of these conditions is met, fishing mortality 



Table 9. Tag return efficiencies for the factories in 1975, quantities delivered LO the factories 
after the tags were released (in metric tonnes), correctecl quantities, returned 
tags and returned tags per 10 000 tonnes corrected quantity. Only t a p  from male 
fish have been used. Note that the designations A, B, C, . . . .  do not cover the same 
factories each year. 

Table 10. Input data used to calculate the spawning stock in 1973. 

Total . . .  86 098 202 62655 335 - 

C, (tonnes) 

Group 1 . . . . . . . . . . . . . . . . . . . . . .  
Group 2 . . . . . . . . . . . . . . . . . . . . . .  

C (tonnes) 

362033 85 619 5 000 .65 153 
739426 32 677 3 500 .65 2 2 

Table 11. Input data used to calculate the spawning stock in 1974. 

C, (tonnes) 

Group 1 . . . . . . . . . . . . . . . . . . . . . .  
Group 2 . . . . . . . . . . . . . . . . . . . . . .  
Group 3 . . . . . . . . . . . . . . . . . . . . . .  

N 

58 433 179935 1000 .70 22 
238495 124 464 4 000 .89 540 
469 246 62 759 1650 .89 62 

Table 12. Input data used to calculate the spawning stock in 1975. 

C (tonnes) 

C, (tonnes) 

Group 1 . . . . . . . . . . . . . . . . . . . . . .  
Group2  . . . . . . . . . . . . . . . . . . . . . .  

s 

190 609 86 098 2 500 .89 202 
283672 62655 5000 .89 335 

R 

N, Nd 

C (tonnes) 

s, so' 

Nd 

R, R d  

sd R d  



for the tagged fish is likely to be different from that of the whoie population. 
In these experiments the tagged fish were released in batches in the areas 
where the fishing fleet was working. As a consequence, the first condition 
was probably not fulfilled. As to the second condition it is more difficult to 
say, but it was probably not f~ilfilled all the time. 

The tag return efficiency was checked only once during the season for 
each factory. It is likely that efficiency is subject to some change during the 
season. This is indicated by the fact that there is considerable variation in the 
tag return efficiency for the same factory from year to year. 

The two estimates for 1973 differ so much that their usefulness is 
seriously reduced, -- 2.2 and 4.1 million tonnes, respectively. It is not 
possible from our material to tell whether the difference is due to one or 
Inore of the possible causes discussed above. It is therefore not really 
possible either to tell which of the two estimates is most correct. However, 
the lowest estimate is based on a higher number of released tagged fish and a 
larger catch. It therefore seems reasonable to put most emphasis on the 
lowest figure. On the other hand, an acoustic survey carried out in August 
1972 resulted in an estimate of 3.7 million tonnes for the 1973 spawning 
stock (NAKKEN and DOMMASNES 1975). This is closer to the highest estimate 
from the tagging experiments. 

In  the case of Group 1 1974, fishing mortality for the tagged fish must 
have been much lower than for the rest of the popuiation. Immediately after 
the tagging a storm blew up and stopped the fishing almost completely for 
more than a week. After the storm this concentration of capelin could not be 
relocated, and fishing started in another area. Observations (ANON. 1974) 
also indicate that the capelin tagged in Group 1 1974 may have had very 
high natural mortality due to predation from cod. The extraordinarily high 
population estimate resulting from the tags in Group 1 should therefore be 
disregarded. 

Having decided to disregard the population estimate from Group I 
1974, one is left with the estimates from Groups 2 and 3. Again the estimates 
differ rather a lot -- 1.1 and 1.9 million tonnes, respectively. In this case it 
also seems most reasonable to accept the lower estimate as the best one. This 
agrees quite well with an acoustic survey in September-October 1973 which 
resulted in an estimate of 1.0 million tonnes for the 1974 spawning stock, 
with a possibility that the value might be as high as 1.5 million tonnes 
(NAKKEN and DOMMASNES 1975). 

The estimates from Group 1 and Group 2 1975 both give a value of 1.1 
million tonnes for the spawning stock. This does not exclude the possibility 
that both estimates may have been subject to error, but it still seemsjustifiab- 
le to put some confidence in the value. The acoustic survey inPSeptem- 
ber-October 1974 resulted in an estimate of 0.8 rnillion tonnes for the 
spawning stock in 1975 (NAKKEN and DOMMASNES 1975). 



The widely differing estimates of the 1973 and 1974 stocks using diffe- 
rent groups of tags and the possibilities of error pointed out in the discus- 
sion suggest that stock estimates for capelin based on tagging experiments 
should be used with caution. Even so, they are in the same size range as the 
acoustic estimates and are useful for checking those figures. 

TAGGING SURVIVAL FACTOR FOR FEMALE CAPELIN, s?. 

For most of the capelin tagged in 1974 and all capelin tagged in 1975, 
each series of 50 tags was used for one sex only. It is thus possible to calc~~late 
the ratio between returned tags and released tagged fish separately for the 
sexes. If one assumes that fishing mortality is the same for both sexes, 
different values of this ratio must be clue to mortalities from other causes 
than fishing. Of those other causes, natural mortality is likely to be small 
compared to tagging mortality so that any difference in the ratios between 
returned and released tags can be assigned to different tagging ~nortality 
alone: 

(VIII) 

Table 13 shows the releases and recaptures by sexes for 1974 and 1975. 
Using these values and s d  = 0.89 in equation (VIII) we get S O  = 0,51 from 
the 1974 material ands? = 0.59 from the 1975 material. The 1975 sample is 
relatively small, and the 1974 estimate is therefore regarded as the most 
reliable one. Both samples confirm, however, the high tagging mortality for 
female capelin observed in the test experiments. 

Table 13. Total numbers of capelin of each sex released in 1974 and 1975, and total numbers 
of tags returned. 
N R  N d  : numbers tagged 
R 9, R d : numbers of tage recovered. 

Year N? N d  R ?  R d  
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DIFFERENTIATION BETWEEN ((MARINUS>> AND 

((MENTELLA,, TYPES OF REDFISH BY ELECTROPHO- 

RESIS OF HAEMOGLOBINS 

BY 
GUNNAR NAZVDAL 

Institute of Marine Research, Bergen 

A B S T R A C T  

NBVDAL, G. 1978. Differentiation between <<marinus. and *mentella,, types of redfish by 
electorphoresis of haenloglobins. FiskDir.Skr.Ser.HauUnders., 16 : 359-368. 

Haemoglobins of 225 specimens of redfish from the Barents Sea and 357 specimens from 
Icelandic waters were analysed by electrophoresis tosearch for genetic differences between the 
lnorphologian marinus and mentella types. Two main haemoglobin patterns were commonly 
found, one characteristic for redfish of the mentella type and one characteristic for themarinus 
type. Specimens of Sebastes uiuiparus showed themarinus haemoglobin pattern. Morphological 
.intermediates,, showed the marlnus pattern in the Barents Sea while some specimens, which 
showed thementella hemoglobin patterns, but could not be separated morphologically from the 
marinus type, were recorded in the Icelandic-Faeroe Ridge area. Four specimens showed a 
haemoglobin pattern which indicated hybridization between individuals with different ha- 
emoglobin pattern. 

The  results indicate that Sebastes lnentella Travin is a species distinct form Sebastes marinus 
(L), possibly with occasional interbreeding. However, for final conclusion about the species of 
redfish in the North Atlantic samples have to be collected from the total range of the redfish's 
distribution. 

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

LUNDBECK (1 940) claims that besides the common redfish, Sebastes marinus 
(L), a deep sea type excists in the Bear Island area and on the Iceland-Faeroe 
Ridge. TRAVIN (1951) described the deep sea redfish from the Bear Island 
area and the Barents Sea as a new species, Sebastes mentella Travin. This 
species prefers deeper water and somewhat higher temperature than S. 
marinus although they also occur sympatrically. S.  mentella is characterized 
by a beak on its lower jaw, possesses a greater eye diameter, grows slower 
and reaches a smaller total length than S. marinus. The colour of S. mentella is 
bright red and of S. mam'nus usually orange-red. 

ANDR~IACHEV (1 954) and TEMPLEMAN (1 959) restricted Sebastes mentelh to 
the status of a subspecies, S. marinzu mentella, because the differences 
between mannus and mentella were not clear enough to justify them as two 



distinct species. TEMPLEMAN (1959) and others have found that S. mentella is 
notrestricted to the Northeast Atlantic, but is common also in the Northwest 
Atlantic and occurred here in most localities in greater quantities than S. 
marinus. 

By meristic, morphometric or morphologic methods clearcut separation 
of redfishes into marinus and mentella groups has been difficult (KOTTHAUS 
196 1, TEMPLEMAN 1959, KELLY, BAKER and CLARKE 196 1). A great proportion 
of the specimens possessed the characteristics of both groups in a varying 
manner. However, genetical differences between the two groups were sug- 
gested by TEMPLEMAN and SANDEMAN (1959) who found great differences 
between marinus and mentella types in relative occurrence of caudal melano- 
phores of pre extrusion larvae. 

YANULOV (1962 a) found significant differences between the two types in 
infestation rate of various parasites in parts of the Northwest Atlantic. 

By immuno-diffusion techniques, photron-reflectometric measure- 
ments and two separate methods of chromatography O'ROURKE (1961) 
found evidence for biochemical specificity of the two forms to such a degree 
that they could be considered as two distinct species. Similarly SCHAEFFER 
(1961) found that the two types differed significantly in content of certain 
free amino acids and total nitrogen content in muscle tissue. 

In a series of papers ( A L T U K H O V ~ ~  al. 1968, ALTUKHOV and NEFYODOV 
1968, ALTUKHOV, NEFYODOV and PAYUSOVA 1968, NEFYODOV 1969) dealing 
with the redfish problem, were described differences in muscle termostabi- 
lity and also differences in frequencies of some polymorphic serum proteins 
chartateristics (haptoglobins, albumins, and B-globulins) between samples 
of marinus and mentella types from the waters between Iceland and Green- 
land, showing that the analysed samples were not drawn from one homoge- 
nous population. 

In the present paper differences in electrophoretic mobility of haemo- 
globins of the two types of redfish are described, and the results are discus- 
sed in relation to their significance on the systematic and the management of 
the redfish. 

M A T E R I A L S  A N D  M E T H O D S  

Redfish for blood sampling was caught by bottom trawl. Blood was 
obtained by a syringe from the heart region, or the fish was cut open and 
blood collected into small glass tubes. After centrifugation the serum was 
pipettet off and the cells lysed by adding destilled water. 

The haemoglobins were analysed by the agar gel electrophoresis at pH 
7.2 describe by SICK (1965). Selected specimens were aiso analysed by the 
combined starch and agar gel electrophoresis at pH 9.0 described by M@L- 
LER (1966). The haemoglobins were always analysed within 24 hours, usually 



Table I .  Distributions of haemoglobin patterns in redfish Erom the Barents Sea and Icelandic 
waters. 

71°00'N, 20" OO'E 7 November 1970 
75"401N, 16"50fE 10 n 

76"301N, 13"501E 12 n 

76"58'N, 12"301E 12 ,, 
73"00fN, 33"45'E 17 ,, 
7lo00'N, 34"42'E 19 ,, 
71°00'N, 29"06'E 19 n 

7 1°20'N, 26'40'E 20 ,, 

Total, Barents Sea 246 -- 325 

9 64"201N, 12"36'W 19 August 1971 236 
10 63"20fN, 25"08'W 13 * >, 300 
11 65"38'N, 26"47'W 16 ,, n 280 

within 12 hours from sampling. Parts of the material were reanalysed after 
one or two days. Some haemoglobin specimens were also frozen and later 
reanalysed at the Institute of Marine Research in Bergen. The haemoglo- 
bins were stained by Amidoblack 10 B. 

All samples from the Barents Sea were collected and analysed during a 
cruise by R.V. eG. 0. Sars. .in November 1970 and the samples from 
Icelandic waters likewise in August 197 1. Fishing localities, depth, date of 
sampling and number of specimens in each sample are listed in Table 1. 
Fishing localities are also shown in Fig. 1 and 2. 

All redfish specimen were separated morphologically into Sebastes vivi- 
parus [backward directed anterior preopercular spine (ANDRIIASHEV 1954)], 
mentella type, marinus type and intermediates [according to the description 
by TRAVIN (1951)], and separation by morphology was compared to the 
results from the haemoglobin analyses. Total length, usually also sex, were 
recorded for the fishes of which blood was collected. 

Total, Icelandic waters 12 34 1 4 357 
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Fig. 1. Sampling localities of redfish in the Barents Sea. 

R E S U L T S  

HAEMOGLOBIN TYPES OF REDFISH FROM THE BARENTS SEA 

Among the samples from the Barents Sea were found two main haemog- 
lobin patterns (Fig. 3). The first pattern occurred in specimens which 
according to TRAVIN (195 1) were of the mentella type. In agar gel at pH 7.2 
this pattern showed a strong, but rather diffuse anodic moving component, 
and one weak component stayed near the origin. By combined starch and 
agar gel electrophoresis at pH 9.0 the strong component showed high 
anodic mobility. Two weak components also showed anodic mobility while 
one very weak component moved slightly towards the cathode. This pattern 
was tentatively called the mentella pattern. 
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Fig. 2 .  Sampling localities of redfish in Icelandic waters. 

The second pattern was found in specimens morphologically determi- 
ned to be of the marinus type and consequently was called the marinus 
pattern. At pH 7.2 all components moved towards the cathode. Two weak 
components showed the highest mobility, and one strong component mo- 
ved only slowly. 

Individual variations were indicated in strength and occurrence of the 
two weak components, but this variation was not clear enough to form the 
basis of clearcut classification of the specimens. At pH 9.0 the strong com- 
ponent of the marinus pattern moved slower towards the anode than the 
strong component of the mentella pattern. Also in the marinus pattern was 
seen two weak components, one with intermediate anodic mobility and one 
with slight cathodic mobility. 

One Sebastes uiuiparus from the Barents Sea (sample 1) showed the same 
haemoglobin patterns as individuals of the marinus type. Some specimens 
possessed morphological characteristics both of marinus and mentella types. 
This was especially evident at one locality on the Norwegian coast (sample 8) 
where the greater part of the specimens were recorded as such ~intermedi- 
a t e s ~  (SMESTAD? unpublished). However, with no exception all these speci- 
mens showed the marinus haemoglobin pattern. 



MEN TE L L A  

M A R 1  N U S  

Fig. 3.0utline of haemoglobin patterns in redfish obtained by gel electrophoresis. 
Filled in bars: Strong bands. Hatched bars: Moderately strong bands. Single lines. 
Faint bands. Arrow indicate the points of application. 

The analysed specimens varied in length from about 15 to 40 cm, and 
both haemoglobin patterns were observed among the smaller as well as 
among the greater specimens. Consequently, no indications of ontogenetic 
variation in haemoglobin patterns were found in redfish. 

The haemoglobin pattern could be recognized also after freezing and 
thawing of the hemolysate, but the clearest patterns were obtained with 
fresh material. Nopost mortem variation, except that the total patterns bec- 
ame diffuse, could be observed after proponged storage in the refrigerator. 

The distribution of the two different patterns in the samples from the 
Barents Sea are shown in Table 1 (sample 1-8). The mentella pattern was 
found most frequently in the area between Bear Island and Spitsbergen and 
were rare in the eastern parts of the Barents Sea and near the Norwegian 
coast. Both were found together in the same trawl haul, but mentella occur- 
red more frequently in deeper water. This is in accordance with the general 
appearelice of the mentella type of redfish for instance from the description 
of TRAVIN (1951). 



HAEMOGLOBIN TYPES OF REDFISN FROM ICELANLIIC WATERS 

Similar mentella and mnrinzu haemoglobin patterns occurred among 
redfish samples from Icelandic waters as in the samples from the Barents 
Sea. In some specimens a modified marinus pattern occurred. This pattern 
showed an extra component which in agar gel at pH 7.2 moved slightly 
towards the anode and in combined starch and agar gel electrophoresis at 
pH 9.0 moved towards the anode with a mobility greater than the common 
strong component of the mentella pattern. 

Totally88 specimens of sample 10 and 19 specimens of sample 1 I ,  which 
were supposed to be S. viviparus from their backward directed preopercular 
spines, showed one of the two marinus patterns. 

Few mentella patterns were found in Icelandic waters. West of northern 
Iceland (sample 11) were found three specimens out of 159 which showed 
the mentella pattern, and the fishes which possessed these patterns, were 
easily distinguished morphologically. West of Reykjanes (sample 10) were 
found no mentella patterns, and on Iceland-Faeroe Ridge (sample 9) were 
found 9 mentella patterns out of totally 38 specimens. In this sample all but 
one of the smaller fishes (9-13 cm) showed the mentella pattern, and also 
three fishes about 40 cm in length showed this pattern. However, in contrast 
to all other samples, morphological differentiation of the fishes showing the 
different haemoglobin types was nearly impossible, even for the greater 
specimens. 

Four specimens, two in each of sample 9 and 10, showed a haemoglobin 
pattern with both the component of mentella and marinzcs pattern (Fig. 3). 
Morphologically these four specinlens could not be distinguished from the 
man'nus type, but because the pattern indica-tes hybridization between indi- 
viduals with different haelnoglobin types, this pattern tentatively was called 
the .hybrid,, pattern. The fishes which showed this pattern ranged in length 
from 36 ti1 45 cm. 

D I S C U S S I O N  

The compositions by amino acids of the proteins polypeptide chains and 
consequently the electrophoretic mobility of the proteins are controlled by 
genetic factors (MANWELL and BAKER 1970). The electrophoretic patterns of 
fish haemoglobins usually are species specific, illustrated by among others 
T S U Y U K I ~ ~  al. (1968) who described species specific electrophoretic patterns 
of haernoglobins of 28 species Pacific Ocean Scorpaenidae. Intraspecific 
variations of haemoglobiil patterns, controlled by codominant alleles, have 
been described for several species (see de LIGNY 1969 for references). In 
other species, for example salmon (KOCH, BERGSTRQM and EVANS 1966) and 
herring (WILKINS and ILES 1966), intraspecific variations have been obser- 



ved to be connected with ontogeny. Also variations due to changes in 
haemoglobin components after prolonged storage of samples have been 
described for several species, but these variations usually are found in the 
minor haemoglobin components (SICK 1965, M ~ L L E R  and NKVDAL 1969, 
T~UYUKI et al. 1968, NEVDAL 1968). 

Neither ontogenetic cariation nor post mortern changes can account for 
the observed patterns of redfish haemoglobins because the two common 
patterns were observed in fishes ranging from less than 10 cm to more than 
40 cm in length, all specimens were given the same treatment, and all were 
analysed within 24 hours from sampling. Control specimens did not show 
any major change in patterns even after two or three days in refrigerator or 
after freezing and thawing. 

Segregation of two codominant alleles within one species could produce 
three patterns like the main patterns observed (the mentella and marinus 
patterns as homozygotes and the <<hybrid% pattern as heterozygote). How- 
ever, according to the Hardy-Weinberg law the hypothetical heterozygote 
(here the .hybrid. pattern) should then be expected to occur much more 
frequently than observed. It therefore seems unlikely that haemoglobin 
variation within one species can account for these patterns, but the modified 
marinus pattern in redfish from Icelandic waters may be normal intraspeci- 
fic variation, probably genetically controlled. 

However, the two common patterns may be explained by assuming that 
the mentella and marinw types of redfish really belong to different species, 
each with their own haemoglobin pattern. The .hybrid. pattern may be due 
to occasional hybridization between individuals of the two species. The good 
agreement, except in sample 9, between the results from the analyses of 
haemoglobins and m~rphological differenciation strongly support the the- 
ory of two species. Four hybrids out of more than 650 individuals do not 
show that the two types are conspecific because hybridization between 
related species is not uncommon among fishes. According to a second 
theory the <<hybrid>) pattern may represent an intraspecific variant of the 
marinus type. This theory is supported by the fact that the four specimens 
with the .hybrid>) haemoglobin pattern could not be distinguished morpho- 
logically from the marinw type. 

Although the mentella and marinus type of redfish seem to represent 
different species with only occasional interbreeding in the Barents Sea and 
Icelandic waters, the possibility still excist that the two types may be connec- 
ted through intermediate populations in other areas. A definite conclusion 
about the species of redfish in the North Atlantic can therefore not be drawn 
until samples have been collected from the total geographic range of the 
redfish. However, the marinus and mentella types of redfish surely represent 
different gene pools with a minimum exchange of genetic material, and they 
therefore should be treated as separate units in management of the North- 



east Atlantic fisheries. In addition, both the mentelh and the marinus types 
may be composed of smaller units (populations, stock units) as claimed by 
SINDER~~ANN (1961) and UANULOV (1962 a, b) and others in their studies of 
parasites and meristic characteristics. 

The face that Sebastes vivipams showed the marinus haemoglobin pattern 
has no effect upon this conclusion. Sebastes viviparus doubtless is a true 
species (ANDRIIASHEV 1954, TROUT 196 1), and two related species may have 
similar haemoglobin structure while others differ widely. 
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