
259 
P 

Rapp. P.-v. R6un. Cons. int. Explor. Mer, 170: 259-264. Fevrier 1977. 

E C H O  ABUNDANCE PNDICES O F  O-GROUP F I S H  I N  THE BARENTS SEA, 
1965-1972 
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In order to obtain estimates of year class strength of O-group fish, joint international surveys have 
been conducted each year since 1965 in the Barents Sea. The dcnsity of fish has been estimated by visual 
grading of the echo-sounder paper recordings and the scattering layers have been identified by small- 
meshed pelagic trawls. The year class strengths of the species under consideration have been stated to 
be poor, average or strong, and this grading has so far been based on the experience of the participating 
scientists. In the present paper, abundance indices for each year are calculated for the most important 
species. The indices are based on the visual density grading of the echograms and on the size of the 
trawl catches. Echo integrator readings are used to calculate the true ratio between the 'visual' density 
groups. The usefulness of such indices will increase with increasing knowledge of the sound reflecting 
properties of the scatterers. 

INTRODUCTION 

During late summer and early autumn, fish fry of 
many species occur pelagically in the Barents Sea. 
Since 1965, joint international surveys have been car- 
ried out yearly in this area during twelve to fifteen 
days in late August and early September (Fig. 226). 
The primary aim of these surveys has been to map the 
geographical distribution of O-group fish and to obtain 
estimates of the year class strengths. Preliminary re- 
sults from the sirveys have been reported yearly to 
ICES (Anon., 1965-72 ; Dragesund, 1970 c). Drage- 
sund (1970a and b) and Hylen and Dragesund (1973) 
have made further analyses of some of the results. In 
the annua1 reports, the year class strengths of the 
different species have been stated to be poor, average 
or strong, and this grading has so far been based mainly 
on the experience of the participating scientisfs. For 
some of the species involved, indices of echo abundance 
have been used to classify the year class strengths 

1 (Dragesund and Nakken 1973). Dragesund (1971) has 
compared the echo abundance indices at the O-group 
stages with abundance indices obtained by other me- 
thods at age 2 3 years for some species, and he con- 
cludes: "A very close correlation is found between the 
two independent estimates of year class strength and 
it is concluded therefore, that the abundance indices 
of O-group fish obtained from the acoustic surveys give 
a fairly good estimate of year class strength". 

Echo abundance indices for the most numerous 
species of O-group fish sampled during the interna- 
tional surveys are presented in this paper. The method 
of calculation is described, and the results are dis- 
cussed. 

MATERIAL AND METHODS 

The distribution and density of the pelagic scattering 
layers have been estimated from the echo-sounder 
paper records, and the organisms forming the scat- 
tering layers have been identified from sampling with 
small-meshed pelagic trawls (Dragesund, Midttun and 
Olsen, 1970). Distribution charts for each species 
have been given in the reports to the ICES annua1 
meetings. Figure 227 shows the distribution of redfish 
in 1972. 

The density of the scatterers has been estimated by 
visual grading of the paper recordings and classified 
according to the following code: 

Code No. O 1 2 3 4 
Classi- No Very Scat- Dense Very 
fication record- scat- tered dense 

ing tered 

During the cruises the classification has been carried 
out aboard the vessels for each nautical mile sailed. 
The distributions of O-group fish have generally been 
plotted (Fig. 227) in the three density grades, absent, 
scattered and dense. This grading has been based 
partly on visual grading of the echograms and partly 
on the amount of fish in the trawl catches. From care- 
ful examination of all the distribution charts, it appears 
that the criteria used to discriminate between scattered 
and dense may have varied somewhat from year to 
year. The following method for calculating the abun- 
dance indices was therefore adopted : 

(a) A certain number of fish per trawl hau1 was 
used to decide between scattered and dense in the 
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Figure 226. Survey routes and grid of stations, 1972. 

distribution charts. This number was found by exam- 
ining the trawl catches which contained only one 
species and comparing the number of fish per hau1 
with the corresponding visual grading of the echo trace 
(Table 60). Assuming a linear relationship between 
the logarithm of the catch and the visually estimated 
densities, the following values for distinguishing be- 
tween scattered and dense were found: 

Species Cod Capelin Redfish Polar cod 
I No. of fish 

per hau1 85 1050 85 110 

(b) The data for each species and year were replot- 
ted using these values for the above-mentioned separ- 
ation. 

(c) The abundance indices, T, were calculated from 
the formula 

T =  A , + k x A d  

where A, and Ad denote the areas within which the 
densities were found to be respectively scattered and 
dense. The coefficient k is the ratio between fish densi- 
ties, classified as dense (code nos. 3 and 4) and scat- 
tered (code nos. 1 and 2). This coefficient was deter- 
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Figure 227. Distribution of O-group redfish, 1972. 

mined by Dragesund (1970b) as having an approxi- 
mate value of 10. Table 61 shows that the echo inte- 
grator readings, obtained during the 197 1 cruise, 
indicate a value of k between 6 and 8. The calculated 
abundance indices for the period 1965-1972, using 
k = 10, are listed in Table 62. 

For the period 1965-1972, two average indices have 
been calculated for each species (Table 63). Average 
1 is the arithmetic mean of all eight values and Average 
2 is the arithmetic mean of six of the values, the highest 
and lowest being excluded. Finally, for each species, 

an interval was selected (the upper and lower limits 
being chosen so that the ratio between them was 
approximately 2) within which the indices correspond 
to average strength year classes, and new estimates of 
year class strength were obtained by comparing the 
indices for each year with the averages. 

RESULTS AND DISCUSSION 

The results of the calculations, and the contribution 
to the indices from scattered and dense concentrations 
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are shown in Table 62. Table 63 shows the classi- cies occur. For capelin it seems that the annua1 esti- 
fication of year class strengths as given in the earlier mates made just after the cruises are more optimistic 
annua1 reports (E,) and as found from the calculated than those based on the calculations. Later observa- 
average indices (E2). tions on the spawning stock of capelin have shown that 

For most species the coincidence between the two the 1967 and 1969 year classes were approximately 
classifications is good, but for capelin some discrepan- equal in strength while the 1968 year class was weaker 

Table 60. Mean values and standard deviations of the number of O-group fish in pelagic trawl catches a t  
classified visual densities as estimated from the recording paper. JV is the number of trawl hauls 

Species Cod Capelin Redfish Polar cod 
Density Mean S.D. N Mean S.D. N Mean S.D. N Mean S.D. N 

Table 61. Mean values and standard deviations of echo integrator deflections (mmlnautical mile) and relative 
units of density at classified visual densities estimated from the recording paper on cruises by "G. O. Sars" 
and "Johan Hjort". JV is the number of integrator deflections 

Integrator deflection Relative density 
Visual "G. O. Sars" ('Johan Hjort" "G. O. Sars" "Johan Hjort" 
density S. D. N Mean S. D. N 

Table 62. Abundance indices of ten species in terms of area occupied (nautical mile2x 10-3). A, is the area 
of scattered density. Aa is the area classified as dense and T = A,+ 10 Aa 

Polar cod 
Species Herring Capelin West  East W + E  Cod 
Year As 10Aa T As 10Aa T As 10Ad T A,  10Ad T As 10Ad T As 10Aa T 

Long rough Greenland S u m  of 
Species Haddock Saithe Redfish Mackerel dab halibut species 
Year As 10-46 T As 10Ad T As 10Ad T A ,  IOAd T A, 10Ad T As 10Aa T As 10Ad T 
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Table 63. Estimates of year class strength, P (poor), A (average) and S (strong), and the corresponding abun- 
dance indices, T. E, is the estimate from annua1 reports, E, is the estimate based on the average indices 
at the bottom of the table 

Species Cod Capelin Haddock Redfish Polar cod Long rough dab 
Year E, T E, E, J E, E, T E, E, T E, E, T E, E, T E, 

1965 P 6 
-66 P < l 
-67 P 34 
-68 P 25 
-69 ? 93 
-70 S 606 
-71 A-S 157 
-72 A-S 140 

Average 1 133 
Average 2 75 
Average 
Index 75-150 

(Dragesund, Gjøsæter and Monstad, 1973). This may will reduce the highest estimates, but not change the 
indicate that the indices for capelin in Table 62 are rank of the indices. 
subject to large errors. 

When comparing the indices in Table 62, the vari- 
ous sources of error and their influence on the calculat- 
ed numbers should be kept in mind. The most im- 
portant sources of error are: 
1. the rather crude method of classification of density 
from the echograms. Although care has been taken to 
avoid biases caused by differences in power and gain 
settings of the echo-sounders by training staff in cali- 
bration and control, the accuracy of this classification 
will always depend on the interpretation of the differ- 
ent scientists. 
2. the amount of catch per hau1 for distinguishing 
between the classification~ scattered and dense. Again, 
personal interpretation is an important but unknown 
factor. Furthermore, the number of fish per hau1 shows 
large variances (Table 60). 

The large differences in relative units between 
catches and integrator deflections (Tables 61 and 62) 
are probably caused by a systematic underestimation 
of low fish densities when using trawls. 
3. the difference in mean length of the species each 
year, which affects the average target strength of the 
individuals and thus als0 the contribution to the index. 
This might be the reason for the low index figure for 
the 1967 year class of capelin as compared with the 
1968 year class. In 1967 the O-group capelin were 
significantly smaller than in 1968 (Dragesund, 1970 c). 
For other species which show smaller differences in 
mean length from year to year, this matter is believed 
to be of less importance. 
4. the selection of k. The effect of using a k of 6 or 8 
instead of 10 can easily be studied in Table 62. This 

Information on the contributions of different species 
to the total biomass can be extracted only partially 
from Tables 62 and 63. In order to make such a 
comparison, knowledge of the sound-reflecting prop- 
erties and much more accurate information of relative 
densities are needed. For related species like cod and 
haddock. which can be assumed to have eaual reflec- 
tion properties, a comparison might hold. 

Even t h o u ~ h  there are considerable inaccuracies in 
the figures, there is no doubt that the indices for each 
species reflect relative strengths of year classes of the 
O-group fish in the Barents Sea. 
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