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ABCTRACT 

The history of the Barents Sea capelin fishery and fishery regulations 
is reviewed. Basic assessment data and theories are described and 
discussed in the light of the population dynamics governing the 
sustainable yield. 
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1 .  INTRODUCTIOM 

The large scale capelin fishery in the Barents Sea developed in the 
latter half of the 19601s, when Norwegian purse seiners started to , 

fish capelin on the spawning grounds during the winter seasons. The 
increase in fishing effort on capelin had two main reasons, (1) an 
improved fishing technique due to the introduction of the power block 
and ( 2 )  a large transfer of fishing effort from other fisheries due to 
the collapse of the herring and mackerel stocks in the Norwegian and 
North Sea. The rising catches may also to some extent be a result of 
an increased capelin stock due to the disappearance of the herring. 

The present paper reviews the history of the Barents Sea capelin 
fishery and the regulation measures introduced to conserve the stock. 
The management of the fishery is described and discussed in the light 
of the present knowledse on the population dynamics which govern the 
sustainable yield. In conclusion emphasis is laid on current 
management problems and areas of current research. 

2 .  THE FPSHERY 

The Barents Sea capelin stock is exploited almost exclusively by 
Norway and the USSR. Table 1 summarizes the yearly catches since 1958, 
which, prior to that year, are very small. The Norwegian purse seine 
fishery was originally located in coastal waters during winter and 
early spring and the catches rose to above 200 000 tonnes in 1961. In 
the next 3 years the catches declined to a very low level, caused by 
an obvious decline in the abundance of the yearclasses 1958-.l960 
(Olsen 1968). This temporary disappearance of capelin coincided with 
the recruitment of two extraordinarily strong herring yearclasses, 
(1959 and 1960). It is likely that the feeding area of young herring 
in those years overlapped with the distribution area of juvenile 
capelin and this could be the reason for the disappearance of the 
capelin in the early 1960's. 

From 1964 onwards, the Norwegian winter catches grew continuously 
reaching 1.3 mill. tonnes in 1971. There is a temporary decline to 
0.55 mill. tonnes in 1975, and then an inccease to a record catch of 
1.4 mill. tonines in 1977. In 1978, the Norwegian winter fishery was 
subjected to a national catch quota regulation. The quota was however 
not filled and the regulation had probably no effect on the total 
catch. Since 1979 the Norwegian winter catches have been effectively 
limited by a bilateral catch quota regulation agreement between Norway 
and UeiSR. 

A Norwegian summer and autumn fishery for capelin started in 1968 and 
the catches rose to above 700 000 tonnes in 1977. This fishery's catch 
was limited to 350 000 tonnes in 1978 by a national catch quota 
regulation and since 1979 the fishery has been regulated according to 
the fishery agreement with USSR. Fishing is conducted in the feeding 
area in offshore waters and is based on the maturing capelin and 
juveniles. 
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Prior to 1974, the USSR capelin catches were small and below 50 000 
tonnes. A large scale fishery developed in the middle of the 70's, and 
the annua1 catch reached a peak of 822 000 tonnes in 1977. The USSR 
capelin fishery has been regulated according to the fishery agreement 
with Norway since the winter of 1979. 

Table 1. Catch of Barents Sea capelin in the years 1 9 5 9 - 8 3  (1000 t.) 

Year 
countries 

Sum 

* 
Preliminary figures. 

The size and composition of the Barents Sea capelin stock have been 
assessed by various methods, such as age composition, tagging and 
acouctic techniques. Larvae production has, moreover, been introduced 
as index of spawning stock, and data from the international O-group 
survey of the Barents Sea is recorded as indices of recruitment. 

3 . 1  Aqe eempipssition data 

Published data on the age composition of spawning capelin covers 1954 
and onward. Demmasnes ( 1984 )  has reviewed and discussed the' available 
information and concludes that there is a periodic change in the age 
composition of the spawning stock. In the latter half of the 1950's 
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the spawning capelin was relatively young, the stock being dominated 
by the 3-year-old capelin. In this period two-year-old spawners occur 
whereas the five-year-olds are very scarce. This pattern changes in 
1960, when the four-year-olds dominate for the next 5 years. In this 
period, the two-yeaq-old spawners disappear whereas the contribution 
of the five-year-old spawners increases. In 1965-67 the capelin have 7 1 
again matured at an early age but after 1967, the four-year-alds and 

l 
l 

older capelin dominate the spawning component. The changes in the age 
distribution of capelin are governed by the growth rate, and shows 
that the maturation of capelin is determined by the size and not by 1 
the age. The short lifespan indicates that the fish suffer mass 
mortality after spawning. 1 

The Norwegian Institute of Marine Research tagged maturing capelin in 
the winters of 1970 to 1975. Internal steel. tags were used and 
recoveries were retained by magnets installed in the meal plants. The 
analyses of the tagging data are published by Bragesund et al. (1973) 
and by Bommasnes (1977) and indicate that the method is not 
sufficiently accurate to be used for catch quota regulations. The main 
sources of error were nonrandom mixing of the tagged fish (within 
season recsveries only), and high and variable tagging mortality. The 
Norwegian tagging programme was therefore terminated in 1976. 

3.3 Larvae and O-BPOUP SUPVBYS 

The O-group capelin are reported in the international larvae surveys 
since 1965, but the data have not been applied to stock assessment 
as basis for fishery management. 

Larval density studies have been applied as basic data for estimating 
parent stock (Salvanes, 1984). For the years 1972-76 the larvae 
abundance estimates are closely correlated to the Norwegian winter 
catches, but åeviate to same extent from the acoustic stock abundance 
estimates. This is also to be expected since the larvae surveys 
covered the spawners on the Norwegian coast only. 

In order to monitor the distribution area of early hatched capelin 
larvae in the Barents Sea, a eapelin larval survey based on the Gulf 
III plankton sampler was initiated in 1981. The results from these 
surveys are presented to this symposium in a paper by Alvheim (1984). 
The distribution and abundance of capelin larvae have been remarkably 
constant in the years 1981-84 although the estimated size of the 
parent stock, based on the acoustic surveys, has varied considerably. 
The larval abundance estimates as indices of parent stock are, 
however, considered to have low reliability, and no fixm conclusion on 
the state of the spawning stocks can be drawn from this study. 

3.4 Acoustie stock measurements 

Acoustic surveys on the Barents Sea capelin have been carried out 
since 1971. Attempts have been made to sixrvey the stock at various 
times of the year and, for various reasons, September - October is 
preferred. The distribintion of capelin and measurements of the 
abundance by areas and ages are obtained. Details of the surveys and 
the survey results are described and discussed in a paper to this 
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symposium (Dommasnes and RØttingen 1984). 

During the period under study, large changes are observed in the 
distribution of the capelin and in the size and composition of the 
stock. In the early 1 9 7 0 ' ~ ~  the capelin had a southwesterly 
distribution pattern, which expanded north- and eastwards in the 
course of the first half of the 1970's. The most north- and easterly 
distribution pattern occured in 1975 (Figure 1). In the subsequent 
years the capelin withdrew towards the southwest, reaching the most 
southwesterly distribution in 9981. A slight northeasterly movement is 
observed in later years, indicating that a new period of expansion 
towards north and east has started. These changes in the distribution 
pattern seem to be linked to changes in the hydrographical condition 
of the Barents Sea and may become decisive for growth and recruitment 
conditions, and %hus the obtainable yield of capelin in the coming 
years. These are topics and areas of research which will be discussed 
in a later session of tkis symposium (GjØsæter and Loeng 1984). 

Figure l .  Integrated echo intensily (mm deflectionlnautical mile) of 
capelin in 1 9 7 5  and 1981. 

The acoustie abundance estimates of the catchable stock in weight and 
average weight by age obtained since 1973 are summarized in Table 2. 
In 1973-75, when the stock expanded towards the north and east, three 
very abundant yearclasses (1971-73) were recruited to the catchable 
stock and the stock biomass increased from 3.5 mill. tonnes to 7.3 
mill. tonnes. The growth rate decreaaed considerably in these years, 
the average weight of the 3-year-olds, which constitute the main age 
gsoup of prespawners, went down from 18.6 grams in 1973 to 9.1 grams 
in 1974. The 2-year-olds were also small, below 6 grams in 1973 and 
1994. 

The biomass has varied but has, in general, declined. The lowest 
estimate of 2.6 mill. tonnes was obtained in 1983. The growth 
increased %n 1980 and has later remained at a high level. In general, 
the table showc a relation between high abundance and low average 
weight by age and that an increase in the growth rate is followed by a 
reduction in the life span o% the eapelin. 
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This relation between abundance, growth rate, and life span of the 
capelin supports the basic hypotheses on which the capelin assessment 
model is built, namely that the growth rate is density dependent, that 
the maturation of capelin is determined by the size of the fish and 
tha't the capelin suffers mass mortality after spawning. 

In 1978, the USSRfNorwegian Fisheries Commission agreed to regulate 
the Barents Sea capelin fishery bilaterally. A closed season 
regulation from 1 Play to 14 August was introduced and the allowable 
catch of juvenile capelin below 11 cm was limited to 15% in weight. 
The opening date of the autumn fishery has later been changed to 1 
September (1984) and the bycatch limit of undersized fish (below 11 
cm) reduced to 10% (1981). In 1981 a minimum mesh size of 16 mm in 
capelin nets (trawls and purse seiners) was introduced. 

A bilateral USCR/Norwegian catch quota regulation of the fishery has 
been in force since the winter of 1979. Total allowable catch (TAC) is 
agreed upon for the autumn and winter fishery separately and the table 
below summarizes the agreed TAC and corresponding catches by seasons 
(in 1800 tonnes). 

TAC 
Autumn T o t a l  

Catch  
Winter Autumn T o t a l  

Prior to the bilateral agreement with USSR, Norway regulated its 
capelin fishery by catch quotas in the winters of 1974 (7.2 mill. hl) 
and 1978 (11.5 mill. hl) and in the autumn of 1978 (3.5 mill. hl). 
Various closed areas were introduced to protect spawners on main 
spawning grounds, and juveniles on main feeding gcounds. 

5 .  THE ACCESSMENTS OF SWOC MND JIIEED 

Based on knowledge and experience derived from various research 
activities, it has been decided to use the acoustic stock measurements 
in autumn as basis for the management of the capelin fishery. 



ASSESSMENT AND MANAGEMENT 
Assessment and management of the Barents sea capelin 

Table 2. Acoustic estimation of the capelin stock (million tonnes) by 
age in autumn 1973-82. Average weight (grammesl for each age group are 
given in parantheses. 

Age 
Year 

2 3 4 5 

Sum 
2 years 

and older 

When Norway limited its catch of capelin in the winter of 1974 to 7.2 
mill. hl, this was based on the results of the acoustic stock 
measurements in 1972 and 1973 (Dommasnes and RØttingen (19841, Tables 
1 and 2). Comparing the two estimates it is seen that the contribution 
of 3-year-olds and older capelin in 1973 declined to less than half of 
the 1972 measurements (12.0 mill. hl in 1973, 26.6 mill. hl in 1972). 
These age groups were assumed to constitute the bulk of spawners in 
the next winter and, taking into account that 12 mill. hl capelin had 
been caught in previous years (Table l), it was felt that a free 
fishery in 1974 could endanger recruitment. No attempt was, however, 
made to evaluate consequences of an alternative management policy due 
to lack of basic knowledge (stock -- recruitment relationship, natural 
mortality, consistency of the acoustic stock measurements). The catch 
quota of 7.2 mill. hl for the winter fishery in 1974, was thus 
introduced as an act of discretion. 
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The winter fishery in 1974 turned out to be rather poor and thus in 
accordance with expectation. This was, in fact, the first time that a 
large change in stock abundance, mcasured by the new acoustic 
technique, was tested by the output of the fishery and the result 
yielded conditional confidence in the method. The catch quota was not 
filled before the first week of April, and the regulation had probably 
little effect on the attainable catch. 

T a b l e  3 .  A c o u s t i c  abundance e s t i m a t e  autumn 1981  

In autumn of 1974, a new important change in the composition of the 
stock occured (Dommasnes and ~~ttingen (19841, Table 3 ) .  The same age 
groups as those which had matured and spawned the previous years ( 3  
and older) appeared to be very numerous, but the mean length of the 
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fish had drastically declined (9.1 cm against 15.6 cm in 1973 for 
3-year-oldsl. According to the maturity scale in use (Monstad 1971) 
these small sized fish were not expected to mature and spawn the next 
winter. It was therefore concluded that the maturing stock in the 
winter 1975 might become even smaller than in the year before. The 
risk of overfishing the spawners in the winter of 1975 was thus even 
larger than in 1974, but due to the large stock of juveniles it was 
decided not to limit the Norwegian 1975 winter catch. It was noted 
that the slow growth of the 3-year'-old capelin could be density- 
dependent and, if so, an increased exploitation could be preferable in 
order to reduce the population density (Anon 1975). 

Table 4. Acoustic abundance estimate, autumn 1975. 

N O . X I O - ~  19990 36068 30406 0789 97 95353 
No.>13.4 3104 12364 7010 50 22514 
Bioma s s 7995.5 

The Norwegian winter fishery in 1975 yielded less than 6 mill. hl, the 
availability of capelin being obviously lower than in 1974. These 
events strengthened the confidence in the acoustic method and demon-" 



ASSESSMENT AND MANAGEMENT 
Assessment and management of the Barents sea capelin 

strated that the maturation of capelin depends on size rather than 
age. The observations further indicated that the growth was density- 
dependent, and the dynamics of such a population will, to a very large 
extent, be determined by the individual's growth. 

In 1976 and 1977, 3 rich yearclasses (1971-73) matured and spawned in 
2 years, resulting in correspondingly rich catches. The consistency of 
the bio-acoustic stoclr estimates and their conformity with the catches 
in these years furtlier strengthened the reliability of the acoustic 
method. In the autumn of 1977 the stock had declined to 4.2 million 
tonnes (Table 21, and due to tliis Norway regulated j.ts capelin fishery 
by a catch quota of 15 million hl in 1978. 

5.2 The TAL fos 1979 

When the rich yearclasses of 1971-73 had passed the fishery in 1978, a 
regulation of the catch was considered as a matter of urgency. The 
USSR/Norwegian Fishery Commission therefore requested scientists from 
the two countries to evaluate the state of stock and submit proposals 
for necessary joint management actions. Two meetings of scientists 
were held in 1978 and the following important agreements were made: 
(a) A TAC-assessment of capelin should be based on acoustic stock 
measurements carried out jointly in the autumn; (b) the assessment 
period should cover the autumn and subsequent winter fishery and (c) 
the TAC--assessment should aim at a minimum stock of spawners of 500 
000 tonnes (Anon 1978, a and b). 

The 500 000 tonnes minimum spawning stock was judged accordins to a 
rough evaluation of stock-recruitment data from previous years. The 
agreements provided a basis for calculating TAC for the 1979 winter 
fishery, and the principals of this first TAC--calculation for capelin 
may be summarized in the following yaragraphs (Anon 1978, a and b). 

The acoustic stock estimate in numbers by yearclass in successive 
years was used to calculate the total mortality ( 2 )  and, adjusted by 
the catch, the natural mortality (M1 by age. The estimated M-values 
from 2- to 3-year-old fish were then taken as the natural mortality of 
non-spawning eapelin. The following values were obtained. 

The estimates refer to 'i year periods starting with 1 October. On the 
basis of results of the UCCR investigations on the seasonal feeding 
patterns of cod (regarded as the main capelin eater), the M values 
were divided in two perioås, 1 October - 1 Way and 1 May - 1 October, 
in proportion 75% and 25% respectively. 

The fishing pattern (F--valuesl of the previous years were then 
calculated on the basis of the catch by season using the VPA-method. 

The 1978 stock in number by age, derived from the acoustic survey in 
September, was taken as input data of the initial catchable stock. 
Applying mean values of F and M from previous yearc, the total 
allowable catch which would maintain a spring spawning stock of 500 
000 tonnec was then calculated, assuming that the catch would consist 
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of prespawners only, and that the xpawners would be dominated by the 
4-year-olds and older fish. The calculations were made on the basis of 
number by age, and the spawning biomass was converted to weight by ' 

using observed mean weight of spawners in March. 

Based on this calculation of TAC, the USSR/Norwegian Fishery 
Commission agreed to limit the total winter catch in 1979 to 925 000 
tonnes. 

The 1978 acoustic stock estimate of 2-year-old capelin was further 
applied to calculate a preliminary TAC for the 1979-80 period. This 
was done by projecting the measured stock of 2-year-old capelin one 
year ahead, using average M- and F-values and weight by age calculated 
for previous years. This prognosed stock of 3-year-old capelin in the 
autumn 1979 was taken as the main component of the 1980 winter 
spawners and used as initial stock in a similar TAC-calculation for 
the period one year ahead (1979-80). This TAC was calculated to 1.8 
mill. tonnes. It was, however, stressed that this TAC should be 
considered with caution and had to be reassessed and adjusted if 
necessary when new stoclc data from the 1979 autumn survey become 
available (Anon 1978, b). Based on this advise, the Commission agreed 
to limit the total. autumn catch in 1979 to 900 000 tonnes, allocating 
900 000 tonnes as preliminary TAC for the winter fishery in 1980. 

The same procedure of TAC-.calculation has in principal been followed 
in the subsequent years. The group of scientists, who meet (in 
Hammerfest) immediately after the joint acoustic autumn survey, 
reassesses the prognosed stock and preliminary TAC-estimate made the 
previous year. The stock abundance measurements are reduced by the 
remaining catch yuota per 1 October, and the natural mortality and an 
initial stock of spawners per 1 January is reassessed. From this stock . 
the final winter TAC is derived. The calculated stock of non-spawners I 

is then projected ahead to the opening for the autumn fishery and used 
as initial stock for a preliminary TAL-estimate of the next regulation 
period. A proportion of the latter TAC is recommended as TAC for the 
autumn fishery, 

The simple stock model ilsed for TAC-calcuEa~tions in 1978 had distinct 
shortcomings. The lack of an adequate technique to separate spawners 
from non-spawners in the acoustic stoek estimate was an obvious source 
of error for the calculation of spawning stock and mortality as well. 
It was realized that the maturity scale in use was inapplicable for 
this purpose and a new investigation was hitiated to construct a 
scale which could predict the spawning time. The results obtained are 
published by Forberg (1982 and 1983) and in a paper to this symposium 
(Forberg and TjeLmeland 1 9 8 4 ) .  

As mentioned previously (section 3 . 1 ,  the maturation of capelin 
appears to be more llnked to the size of capelin than to the age and, 
at the joint USSRINorwegian capelin meeting in 1979, it was suggested 
to separate potential spawners from non-spawners by the length of 
fish. A new parameter, the matu~ation length was introduced, defined 
as the length of capelin (in September) at which al1 fish exceeding 
that length are supposed to mature and spawn the next winter. The 
capelin smaller khan that length were considered juveniles (Table 3). 
The maturation was thuc assumed to be independent of age of capelin 
and a selected maturation length would therefore determine ihe age 
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composition of the maturing component stock estimate. By comparing 
this age composition to that of the subsequent winter spawners using 
data from the catches in March, the maturation length could be 
determined. By this method the 1979 Hammerfest meeting calculated the 
maturation length for the years 1974 to 1979, and found that the 
length had varied between 15.2 cm and 13.7 cm (Anon 1979). The latter 
was observed in recent years. The 1979 meeting therefore agreed to 
apply a maturation length of 13.5 cm for the 1980 management advices. 
The 1979 acoustic stock estimate was thus divided into a maturing 
stock component containing all eapelin exceeding 13.5 cm and a 
juvenile stock consisting of the smaller fish. A spawning stock 
prognosis by the 1 January 1980 was calculated, and a catch of 800 
O00 tonnes in the winter of 1980 was found to reduce that stock to 507 
000 tonnes, whereas the preliminary recommended TAC of 900 000 tonnes 
winter catch would reduce the spawning stock to 425 000 tonnes. 
Pointing to the various uncertainties in the estimate, the scientists 
recomrnended 900 000 tonnes as final TAC for the winter fishery in 
1980. This recommendation was approved by the USSR/Norwegian Fishery 
Cominission. 

The estimated stock of juveniles (capelin smaller than 13.5 cm) was 
projected ahead and used as input data for the TAC calculation of the 
the subsequent regulation period. Based on this stock prognosis a TAC 
of 1.6 mill. tonnes was calculated for the autumn catch 1980 plus the 
winter catch in 1981. It was however recommended that not more than 
700 000 tonnes should be allocated to the autumn fishery in 1980, and 
that the remaining 900 O00 tonnes should be set as preliminary TAC of 
the winter 1981. This recommendation was adopted by the Fishery 
Commission (See section 7). 

The results of the acoustic capelin survey in 1980 were in good 
agreement with the stock prognosis made in 1979 with respect to number 
at age, but due to extraordinarily good individual growth in 1980 the 
biomass of maturing capelin was far above expectations. The mean 
length at age had increased substantially (Dommasnes and RØttingen 
19841, and, assuming a length dependent maturation scale, a larger 
progortion of the stsck was expected to mature and spawn the next 
winter. It was calculated that by applying a maturation length of 14.5 
cm in the 1980 stock measurement, a catch of 1.2 mill. tonnes for the 
winter 1981 would reduce the biomass of spawners slightly below 800 
000 tonnes, and the Norwegian scientists of the 1980 Hammerfest 
meeting were of the opinion that the preliminary TAC for the winter 
1981 (900 000 tonnes) should be increased to 1.2 mill. tonnes. The 
USCW scientists were however of the opinion that the new stock 
situation should be considered with caution and recommended 1.0 mill. 
tonnes. The Fishery Commission accepted the 1.2 mill. tonnes TAC for 
the winter fishery in 1981. The 1980 Hammerfest meeting considered the 
prospects for the 1981-82 catch to be far below that of the current 
regulation period due to recruitment of a weaker yearclass (1978) and 
higher expected mortality of post spawners. By projecting the juvenile 
stock (capelin smaller than 14.5 cm1 one year ahead and using this as ' 

expected catchable stock in the autumn 1981, the meeting assessed a 
preliminary TAC of 1.3 to 1.5 mill. tonnes for the 1981-82 regulation 
period depending on the expected mattiration length in 1981. Based on 
this study the meeting recommended a TWC of 708 000 tonnes for the 
autumn fishery in 1981. This recommendation was approved (Anon 1980). 
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5.5 The TWC for 19- 

The acoustic stock measurementc obtained in the autumn 1981 were in 
good agreement with the projected stock based on the previous year 
abundance measurements of juveniles. The 1981 Hammerfest meeting 
agreed to assess the TAC, according to the same procedure as last 
year. Details of the calculated TAC's appear in the table below (ls= 
maturation length): 

T A C  1 9 8 2  T A C  T A C  1 9 8 3  S p a w n e r s  S p a w n e r s  
w i n t e r  a u t u m n  w i n t e r  

l. = 1 4 . 0  1 = 1 4 . 5  1 = 1 4 . 0  1 = 1 4 . 5  
1 9 8 2  s s 1 9 0 2  1 9 8 3  s s 
6 0 0  5 8  4  3 8 1  5 0 0  5  O O 9 4 8  8 1 5  

Based on this study, the meeting recommended that 800 000 tonnes be 
fished in the winter 1982. This was a somewhat larger catch than 
should be permitted according to the agreed minimum spawning stock, 
(500 O00 tonnes), but judging from ectimated mortality of 1980-81, 
which was found to be extraordinarily high, the meeting considered the 
1984 stsck measurements to be underestimated. This recommended TAC was 
approved by the Fishery Commission, whereas a recommended 800 000 
tonnes TAC for the autumn fishery in 1982 was increased by the 
Commission to 900 000 tonnes (Anon 1981). 

5.6 The TWC for 1983 

The acoustic stock survey in the autumn 1982 gave abundance estimates 
which were unreasonably high, especially for the 1980 yearclass, which 
was previoucly assumed to be below average. In the 1982 survey this 
yearclass was strong and the older yearclasses were also measured 
above the expectation. This observation together with the fact that 
the i.ntercalibration data of the acoustic instruments onboard the 
participating research vessels did not tally (Dommasnes and RØttingen 
19841, gave rise t« doubts about the reliability of the measurements. 
But, lacking definite observations which could be used to alter the 
stock measurements , the 1982 Hanimerfes t meeting accepted the survey 
results as basic data for the next year TAC assessment. This resulted 
in a recommended winter catch of 1 . 9  mill. tonnes and an autumn catch 
of 1.2 mill. tonnes for the year 1983. (Ånon 1982). 

5 . 7  -TA6  fo r  1984 

When the results of the 1983 acsustic stsck survey became available it 
was obviourr that; the 1982 stock had been overestimated, particularly 
the stock of juveniles (1980 yearclass). The contribution of 2 and 3 
years old capelin, which a(-cording to the 1982 stock prognosis should 
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have been at a leve1 of 5 mill. tonnes in 1983, were reduced to 2.5 
mill. tonnes. Older capelin were missing, but this was in accordance 
with the expectation. The capelin was now considered to be seriously 
threatened by overfishing, taking into account the large autumn TAC in 
1983.  The 1983 Hammerfest meeting therefore recommended cutting the 
1983 autumn TWC by 20% if possible. No definite TAC-recommendation for 
the winter fishery in 1981  was made, but an allowable catch of 500 000  
tonnes was indicated. This catch limit was later recommended by the 
ACFM. For the 1984 autnmn fishcry, a catch of 600 000  tonnes was 
recommended which may imply a winter catch in 1985 somewhat above 800 
000  tonnes (Anon 1983)  

No reduetion of the 4983 autumn TAL was agreed upon and the 
USSR/Norwegian Fishery Commission suggested that their governments set 
the TAC of 1984 to 600 O00 tunnes and 800 0 0 0  tonnes for the winter 
and autumn fi.shery respective1.y. It may therefore be concluded that 
the present management stsategy of capelin approved by the two 
countries last year representa an increased exploitation policy. This 
gives reason for concern about the future development of the capelin 
fishery in the Barents Sea. 

The gui.deline for a regulation of a fishery is the expected effects on 
the sustainable yield. The effects of the minimi~m landing size of 
capelin and the closed season regulation have not been assessed in 
detail. There is no doubt that such measures are of importance in 
optimalizing the sustainable yield, particularly the closed season 
regulation. The capelin has a short growth period and the yield can 
only be optimized if the fishing strategy is adjusted so that the 
fishing starts at the end of the growth period. 

The effects csf the catch qixota regulatlon have, on the other hand, 
been assessed by modelling the exploitation of the capelin stock to 
determine the sustainable yield. As to the details of the matematical 
model used, reference is made to the documentation of the model 
presented in a paper to this cymposium. (Tjelmeland 1 9 8 4 ) .  The model 
is, in principle, a Beverton and Holt stock model in which the natural 
mortality is implemented in the forin of two independent parameters, 
one proportional to the stock size, and the other as the fraction of 
the stock which has spawned. The model assumes that the capelin mature 
according to length, as was the basic hypothesis in the 
TAC-calculation. En the Eong term yield estimate it is further 
supposed that the maturation length is constant and does not vary with 
year. This additional hypothesis allows another method of estimating 
this length, provided that the natural mortality of juveniles is also 
constant and that all the postspawners (1i.e. 

There are two features of the effects of a length-dependent maturity 
scale on the acoustic estimate (see Tables 3 and 4 ) .  The maturation 
length determines the age composition of the potential spawners. This 
was previausly applied to estimate the maturation Pength by comparison 
with the age compasitian data deri-ved from the catches in March. The 
maturation Peiigkh wil l, however , a l m  [letermine the abundance 
estimates of juveniles at age and thuc the mortality estimates derived 
from comparative abundance estimates of yearclasses by year, provided 
that thc spawncrs die. An overall maturation lcngth and corresponding 
W-value for juveniles can thus be Eourbd by selecting those which best 
fit the observations over a period of years. This has been done for 
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the period 1973-1980, which resulted in a overall spawning length of 
13.8 cm and a M=0.68 (0.057 per monthl. This estimate is close to the 
smallest maturation length obtained by comparing age composition of 
expected spawners with the March catches. This is consistent with the 
view that the use of the March catches, as representative for the 
spawners, overestimates the maturation length according to the 
strength of later spawners (summer spawners) because this component 
may often consist of younger fish (Prokhorov 1965). The overall 
estimates of maturation length and M were therefore considered the 
most realistic estimates for use in assessment of long term yield 
(Hamre and Tjelmeland 1982). 

Due to mass mortality of postspawners, the stock-recruitment 
relationship of capelin is a matter of great importance in determining 
the MSY. This relationship has been studied on the basis of estimated 
spawning indices of the yearclasses 1974 to 1978 and corresponding 
indices of recruitment measured as the abundance of the yearclasses of 
two-year-olds. The spawning stock indices are derived from the 
acoustic stock measurements separating mature and immature components 
by an overall maturation length of 13.8 cm. The overall estimate, 
M=0.68, is applied both for the juveniles and for the maturing part of 
the population. The calculated indices of stock and recruitment by 
yearclasses are plotted in Figure 2. These data were fitted to a 
Beverton and Holt recruitment function and the relevant parameters 
calculated. A function relating the recruitment to stock size was thus 
obtained, and implemented in the yield model. 

. 5  1.0 1.5 B 
Spawning stock (mill ion tonnes) 

F i g u r e  2 .  S t o c k - r e c r u i t r n e n t  r e l a t i o n s h i p  o f  Ba ren tc  Sea c a p e l i n .  The 
s o l i d  l i n e  shoya t h e  f u n c t i o n  R = 4 4 ' 5  ' q where R = r e c r u i t e d  

+ B  i n d i v i d u a l s  x 10 and 8 = spawning stocR.f; lornacs i n  m i l l .  t onnes .  

In addition to recruitment, the growth rate of capelin is of 
particular importance to the sustained yield because the length 
dependent maturity makes the mortality of spawners growth dependent. 
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The effects on the obtainable yield of capelin by a variable growth 
pattern is thus rather complex and a further gain in knowledge of 
these processes demands skilled field observation and modelling of the 
population dynamics. Ånother feature of growth characteristics of 
great impsrtance to fishery management is knowledge of the 
relationship of growth to external factors, whj.ch may help to predict 
a possible change in the future growth pattern. These are areas of 
current research which will be discussed in a later session of this 
symposium (Gj$sæter 1984, GjØszter and Loeng 1984). 

As to details of the growth function used in the capelin model, 
reference is made to the model dscumentation (Tjelmeland 1984). 
Augmented by a modelled fishing pattern, the model calculates yield 
and corresponding spawning stsck as a function of the total fishing 
mortalbty F. Running the model until the equilibrium stock and catch 
are reached, the relevant data to construct the yield curve are 
obtained. Yield curves for two specific fishing pattern are shown in 
Figure 3. The figure also includes curves showing biomass output of M 
(biomass of capelin suffering natural death, excluding death of 
postspawners). 

.5 4.0 15 
Spawnii ig stoek ( m i l l .  tennes) 

F i g u r e  3. S u s t a i n a b l e  y i e l d  ( C  1 a n d  M - o u t p u t  b l o m a s s  ( C  1 f o r  B a r e n t s  
1 2 

sea c a p e l i n  a t  d i f f e r e n t  l e v e l s  o f  s p a w n i n g  c t o e k  ( B  1 .  B r o k e n  l i n e s  
a p p l y  t o  w k n t e r  f i s h i n g  o n l y .  s o l i d  l i n e s  a u t u m n  f i s 6 i n g  on1.y. 

Figure 3 illustrates the estimates of sustained yield (C,) and biomass 
output of W ( C 2 )  by season as a function of the spawning stock. The 
two extreme cases are chosen for this illustration: (a) autumn fishery 
only (solid line) and (b) winter flshery only (broken line). 

The yield curve ( C 1 )  in the figure chowc that the WSY is ohtained by 
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fishing the capelin in autumn and by an exploitation corresponding to 
a steady state of spawning stock of 450 000 tonnes. With similar 
growth and recruitment relationships as for the 6 yearclasses under 
study (Figure S I ,  this NSY amounts to 1.7 mill. tonnes. The MSY is 
reduced to 1.6 mill. tonnes if the whole catch is taken during the 
winter season (10% reduction), and is obtained by a constant spawning 
stock of 400 000 tonnes. It is noted that with a range of 300 000 to 
500 000 tonnes of spawning stocks, the sustained obtainable yield is 
close to maximum for the two fishiny patterns. This may justify the 
adopted TAC strategy for capelin which aim at a steady state of 
spawning stock of 500 000 tonnes. 

The capelin is an important food resource for other exploited stocks 
in the Barents Sea. In a management context, it may therefore be of 
interest to know the effects of various fishing strategies on the 
capelin stock as a fosd supply to other animals. As illustrated by the 
M-output curves IC 1 it is seen that by managing an exclusive autumn 
fishery with a MSY strategy, some 2 .O mill. tonnes of capelin remains 
as food for other stocks, excluding the biomass of postspawners (450 
000 tonnes). However, the importance of the stock as foodfish 
increases to some 2.5 mill. tonnes of capelin when the catch is taken 
during the winter only. One may therefore conclude that an increased 
autumn TAC of capelin at the cost of the winter catch will increase 
the obtainable yield slightly, but this strategy will substantially 
reduce the stock as food resource for other animals. 

7. AELQCATIOM OF TAL ON SEASOMS 

The allocation key of the yearly TAC on seasons is determined when the 
next year's allowable autumn catch is negotiated. The scientific 
advice on the autumn TAC is derived from a spawning stock prognosis 
one and a half years in advance and is subject to errors which may be 
corrected after the next year's survey. The assessment is therefore 
regarded as preliminary, and only used as a guideline for assessing 
the autumn TAC. As a safe-guarding measure, the 1980 autumn TAC was l 

recommended to be set at a lower level than the subsequent winter 
catch. In later years, however, the practice has been to assess the 
autumn TAC as the half of the preliminary assessed TAC for the next 
regulation period. This allocation key is acceptable i f  the stock 
prognosis for the next year t.allies, but the shortcomings arise when 
the autumn TAC is derived from a too optimistic stock prognosis, as 
happened in 1982. The 1983 USSR/Norwegian meeting of scientists in 
Hammerfest had a profound discussion of this problem, and proposed to 
return to the 1980 agreement to set autumn TAC below that of the 
subseyuent winter. This would lower the risk of overfishing the young 
age-groups in years when t-he maturing stock is relatively small and 
reduce the negative effects of a autumn TAC derived from a too 
optimistic abundance estimate (Anon 1983). In spite of this advice, 
the USSRINorwegian Fishery Commission increased the recommended autumn 
TAC for 1984 substantially, probably to compensate for the poor 1984 
winter catch. This increased TAC will, however, reduce the next year's 
winter TAC correspondingly, resulting in a similar need for catch 
compensation in 1985. This may develop into a vicious circle, in which 
the autumn catches are increased at th expense of the winter catches. 
It should be noted that this sequence of events were experienced 
during the collapse of the Icelandic capelin stock in the early 
1980's. The recent developrnent:~ in the exploitation pattern of the 
Barents Sea capelin are therefore regarded with concern. 
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The development of the bio-acoustic stock abundance measurement 
techniques have had highest priority in the research activity on 
capelin since the early 1970's. Research on population behaviour, 
general biology and population dynamics has, however, developed 
gradually as relevant data and observation became available, mostly 
through the acoustis aurveys. Apart fron the acoustic surveys, the 
most important areaa of current research, with direct reference to 
Eiahery managenent prob%ews ase: 

I. ~~ Research on overlap in 
distribution areas of herring and capelin in the Barents Sea. Grazing 
and good coiupetiti~n research. M~edator - prey relationskips to other 
stocks ( cod, haddock, lnain marnmal stocks . 

2. andsowth studies. Investigation of the maturity scale 
whieh may prediet apawning time. Research on the inter-relationship 
between growth and maturity. Weseassh on growth characteristics as 
basis for growth prognosis. Research on growth patterns (otolith 
studies) as basis for unit stack analysis. 

3. Invest %: stoclr structure . Wssessnnent of late spawners 
(summer spawners). Investigations in their biology and their 
relationship to the winter apawwers. 

4. -p- ~aodelE;EI__I Updating of parametres. Modelling the 
population dynawics of capelin by sexes. Modelling the mullispecies 
relationship. 

Research activities related to theae topics should be given high 
priority in the current research program on the Barents Sea capelin 
stock. 
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