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The abundance of the 1991-1994-year classes of north-east Arctic cod and haddock at the age 
of six month have been estimated on the basis of Norwegian acoustic data from the 
International 0-group fish survey in the Barents Sea and adjacent waters. These results have 
been analysed in relation to the abundance of the respective year classes at ages 1-3, computed 
by VPA with the XSA tuning procedure based on catch-at-age data including catch and 
cannibalisrnl-predation by cod. This study indicates a reasonable agreement of the 0-group 
fish abundance and the abundance of age group 1-3 in the pre-recruit phase. 



INTRODUCTION 

The annual international 0-group fish survey in August-September in the Barents Sea and 
adjacent waters provide information on distribution, abundance and biological parameters of 
several species. Abundance indices based on midwater trawl catches are given for the period 
1965-1996 (Anon., 1996). 

Acoustic information have been recorded regularly onboard Norwegian vessels taken part in 
the annua! survey. Little use has so far been made of these observations apart from the 
computation of the abundance of 0-group cod, haddock, redfish and polar cod covering most 
of the survey area in 1992 and 1993 (Nakken et al., 1995). Dorchenkov (1993) made in 1992 a 
similar study in a limited area in the eastem Barents Sea. 

In order to improve our prediction of recruitment to the fishable part of the stocks, further 
studies of the abundance at various stages in the pre-recruit phase are important. In this study 
an extensive knowledge of the predator/prey system in the Barents Sea and adjacent waters is 
necessary. Cod has been observed as an important predator in the ecosystem (Mehll989, 
Bogstad et al. 1995, Bogstad and Mehl, 1997), effecting the abundance of 1-5 year old cod 
and haddock. Realistic number of the youngest age groups has been computed by VP A 
extended by XSA tuning procedure based on catch-at-age including catches and predation by 
cod (Anon., 1997). How does the abundance of 0-group cod and haddock corresponds to the 
abundance of the pre-recruits of the respective year classes? 

MATERIAL AND METHODS 

The acoustic data are recorded by the Norwegian vessels during the annual international 
0-group fish survey in the Barents Sea and adjacent waters in August/September. Only data 
for the period 1991-1994 have been analysed in this paper. All recordings are sampled by 
Simrad EK500 scientific echo sounder (Bodholt et al., 1988) and the Bergen Echo Integrator 
(BEl) system (Knudsen, 1990). Raw data are displayed and interpreted on a graphic working 
station (Foote et. al., 1991). Echo density (SA) is allocated to 0-group fish (cod, haddock, 
redfish and polar cod), 0-group herring and several other fish species older than 0-group fish 

and stored in BEl on a 5 n.m. basis. Arithmetic mean echo density ( S A of 0-group fish is 
calculated for standard areas of l degree latitude and 2 degrees longitude. Mean density (PA) 
of 0-group fish is computed for each standard area (rectangle) by applying the usual method 
given by MacZennan and Simmonds ( 1991) supplied by the target strength relationship 
(Foote, 1987). However, a more appropriate fonn for practical use developed by Korsbrekke 
et al. (1993) is applied in these computations 

PA = 5.021 . l 05 
• sA l L2 

where L2 is the average squared lengths of 0-group fish in each rectangle using the pooled 
length frequency distribution of all four target species (cod, haddock, redfish and polar cod). 
Within each rectangle the densities of each species were assumed to be proportional to the 
species compositions in the trawl catches. Total fish abundance in numbers of specimens were 
calculated by multiplying the densities by the appropriate area in n.m2 and accumulated for 
survey area. 
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Representative compositions of the target 0-group fish species were sampled by midwater 
trawling (Anon., 1996) at a distance between 30-35 n.m. along the survey track. Acoustic 
recordings of 0-group fish ( cod, haddock, redfish and polar cod) were frequently recorded in 
the upper 60 m layer. Some years recordings were made down to 80 m or ev en l 00 m in 
smaller parts of the area. Standard procedure were to trawl 0,5 n. miles in 3 steps with the 
head line located at O, 20 and 40 m. With 0-group fish recordings deeper, additional steps 
were made at 60 and 80 m. 

Tuning VP A by Extended Survivors Analysis (XSA) including catches and consumption of 
cod and haddock by cod gave abundance measures fitting the survey data of age group 1-3 
(Tab le l) better than corresponding data from the ordinary VPA (An on., 1997). "Fishing 
mortalities" estimated by XSANP A for the same age groups were splitted in to a mortality 
caused by cod predation (M2) and a fishing mortality (F) applying the relative number 
removed by the respective mortalities. A new natural mortality for the younger age groups is 
calculated by adding M = 0.2 to the predation mortality (M2) given in Table 2. 

RESULTS 

C od 

The acoustic abundance of 0-group cod at l September is relatively high compared with the 
abundance at l J anuary the following year (Tab le l). Among the year c Iasses anal y sed, the 
natura! mortality is within the range of 3,16 for the 1991 year class and 1,12 for the 1994-year 
class, representing mortality during the last four months of their first year of life (Table 2). 
The reduction in abundance during this period is much higher than the cannibalism computed 
by Bogstad and Mehl (1994) which indicate that other causes of "death" might have effected 
the rate of survival (Table 3). 

Haddock 

As for cod the acoustic abundance of 0-group haddock is relatively high compared with the 
estimated abundance four months later (Tab le l). This indicates a high natura} mortality 
during the last four months within the spawning year. Natural mortality rates estimated for 
these months are within the range of 2,91- 0,27 for the 1991- and 1994- year classes 
respectively (Table 2). This high mortality represents a higher reduction of the 1991-1993-
year classes than the predation by cod computed by Bogstad and Mehl (1994). As for cod, this 
indicates that other causes than predation have effected the survival (Table 3). 

DISCUSSION 

Acoustic sampling errors occur as transmission loss due to air bobbles in the water during 
days with bad weather. This effect became less in 1994 when two of the Norwegian research 
vessel got a keel mounted transducer. Another problem would be variations in single fish 
target strength caused by variations in stomach content and liver condition between areas and 
years (Ona, 1990). 
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The allocation of SA-values on species are each year done by the same person on each 
research vessel. However, the persons might change from year to year. This was expected to 
introduce variations in the allocations, but the introduction of the BEl-system might have 
reduced the person dependence allocation of SA-values by species (Korsbrekke and Misund, 
1993). 

0-group cod, haddock, redfish and polar cod are the main species in the upper l 00 m. Herring 
is frequently observed in dense schools somewhat shallower than the main group. The herring 
is in some years observed to be of small size and it has to a less degree established schools. In 
such years, the separation of back scattering has to be made according to composition of trawl 
catches. 

Diumal migrations has been observed for 0-group redfish and capelin (Beltestad et al. 1975). 
Redfish were recorded in the surface layer at dark and dispersed in the upper 50 m during 
daylight. Redfish is, therefore, detected most of the time and the biased introduced in 
SA-values for the main group might be negligible. Capelin stayed in small schools close to the 
surface during da y light and dispersed at dark into the depth of the thermocline in the area 
(20-30 m). When the transducer is hull mounted at about lOm, the contribution to the echo 
density of capelin would be insignificant. 0-group long rough dab, Greenland halibut, blue 
whiting, saithe and several Lumpenus spp. had a low abundance in the period (based on trawl 
catches ), and their contribution to the acoustic density has been negligible (Anon., 1991, 1992, 
1994 and 1995). 

Another group of scatterers are plankton, jellyfish and 0-group squids. They are almost 
impossible to separate from the 0-group fish layers on the echograms. In such areas the 
separation of SA-values have to be recorded by comparison of integrator outputs at different 
threshold levels on the post processing system (BEl). The outputs have to be separated relative 
to the trawl catches. However, this might give some uncertainties in special areas. 

Redfish and polar cod which have only about half the mean length of cod and haddock are less 
effectively caught by the survey trawl than the larger individuals (Hylen et al. 1995). The 
consequences would be underestimation of the abundance of redfish and polar cod and 
corresponding overestimation of cod and haddock in all areas where they occur together. Low 
abundance of 0-group redfish and polar cod observed in 1991-1994 within the cod and 
haddock area would gi ve a small bias in the abundance of these species. 

The reliability of the acoustic abundance by species is not only dependent on the possibility to 
allocate SA-values to groups or species of 0-group fish. Length dependent catching efficiency 
has been observed for cod and haddock in the standard survey trawl ( described by 
V aldemarsen and Misund, 1995), and correction factors have been prepared for cod and 
haddock (Hy len et al., 1995). They have not yet been introduced, but it is obviously important 
to correct for this effect (Korsbrekke, 1997). 

Some factors are causing errors in the recorded echo density of 0-group fish. Owing to lack of 
quantitative measurements of different or combined factors no corrections of the 0-group fish 
abundance can be given. However, even without such corrections there are a reasonable good 
agreement between the abundance of 0-group cod and haddock and the abundance of the 

4 



pre-recruits of the respective species (Table l and Fig. 1). These findings indicate that the 
0-group fish survey and the stomach sampling program in the Barents sea and adjacent water 
should continue. 
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Table l. North-east Arctic cod and haddock. Abundance by age-group 1-5 of the 1991-1994-year classes 
(Anon., 1997). For "0"-group is given the acoustic abundance referred to l September. Number in 
millions. 

COD 
Ae 

Year class "O" l 2 3 4 5 
1991 80996 3427 1809 925 619 427 
1992 107000 27863 1783 723 329 
1993 80693 12084 1502 453 
1994 99040 32351 2394 

HADDOCK 
Ae 

Year class "O" l 2 3 4 5 
1991 59932 3266 628 352 260 162 
1992 12000 2291 231 105 60 
1993 7802 2695 388 88 
1994 7206 5477 340 

Table 2. North-east Arctic cod and haddock. Natura! mortality by age group (M2). (Anon., 1997). 

COD 
Year class 

A~e 1991 1992 1993 1994 
"O" l) 3,16 1,35 1,90 1,12 

l 0,64 2,75 2,08 2,60 
2 0,67 0,90 1,20 
3 0,39 0,78 
4 0,30 
5 (0,21) 

HADDOCK 
Year class 

A~e 1991 1992 1993 1994 
"O" l) 2,91 1,65 1,06 0,27 

l 1,65 2,29 1,94 2,78 
2 0,58 0,79 1,48 
3 0,29 0,54 
4 0,41 
5 

l) Mortality at age O represent the period l September - 31 December 

Table 3. North-east Arctic cod and haddock. Comparing reduction of 0-group fish during September
December in the first year of life with calculated predation of cod and haddock by cod. 

COD 
Year class No-Nt Cannibalism 

1991 77569 141 
1992 79137 4250 
1993 68609 4635 
1994 66689 9899 

HADDOCK 
Year class No-Nt Predation by cod 

1991 56666 470 
1992 9709 2260 
1993 5107 1817 
1994 1729 2009 
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Figure l. North-east Arctic cod and haddock. Year class abundance curves. All curves are in 
therms of the logarithms of the number of specimens at each age. 
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