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Introduction 

In this document, we provide data on the yearly consumption of various prey species by 
North-East Arctic cod in the period 1984-1994. Such data can be used to assess the impact of 
predation by cod on various prey species, and also to study the relationship between food 
consumption and individual growth of cod. 

Material and methods 

The cod stomach content data are taken from the joint PINRO-LMK stomach content data 
base (Mehl and Yaragina 1992). The consumption is calculated mainly in the same way as in 
Bogstad and Mehl(1992), but the stomach evacuation rate model is revised. 

The Barents Sea is divided into three areas (west, east and north, see Figure l), and the 
consumption by cod is calculated from the average stomach content of each prey group by 
area, half-year and cod age group (ages 1-6 separately and 7-1 1 as one group). For some half- 
years and areas the calculations are made for ages 1-7 separately, with 8-1 1 as one group. 

The number at age and weight at age of cod is based on the assessment made by the Arctic 
Fisheries Working Group in 1995 (Anon., 1996a). In this assessment, cod cannibalism was 
included for the first time, and this gave a higher number of age 1-3 cod than used in previous 
assessments, where a constant M of 0.2 was assumed for these age groups. The number of 
cod and weight of cod at age for the first and second half of the year is represented by the 
number and weight at April l and October 1, respectively. The number at age at these dates 
is cdculated assu g that the natural mortdity and fishing mortality is constant through the 
year, and the weight at age is calculated assuming that the growth (in g/day) is constant 
throughout the year. It is assumed that the mature part of the cod stock is found outside the 
Barents Sea for three months during the first half of the year. We have very few samples of 
the stomach content of cod in the spawning areas, and thus the consumption by cod in the 
spawning period is omitted from the calculations. It is believed that the cod generally eats 
very little during spawning time, but some predation by cod on herring has been observed 
close to the spawning areas. The geographica1 distnbution of the cod stock by season is based 
on Norwegian survey data. 

The following consumption rate model (the 'restricted form' model used by dos Santos and 
Jobling (1995)) is used: 



where 

t = time (hours) 

Si = cod stomach content of prey species i (g) 

S, = initial meal size (g) 

B = cod body weight (g) 

T = temperature (O C) 

The temperature used in the equation above is calculated from a standard climatological data 
base, adjusted for year-to-year variation using data from the Kola section. The following 
representative positions were used : West 7230N, 2200E, East 7130N, 3500E, North 7500N, 
2200E. The average depth at which stomach samples are taken, was calculated for the stomach 
sarnples taken in the period 1984-1992, for each of the three areas. Based on information about 
vertical distribution of the cod from Norwegian surveys, a depth of 50 m less than the average 
bottom depth was taken to be representative, giving the following values for the three areas: 
West 250m, East 180m, North 150m. The temperature for April was used for the first half of the 
year and the temperature for October was used for the second half of the year. 

a, = prey-specific constant, the values are given in the table below. The value for cod is set equal 
to the value for haddock, the value of other food is set equal to that for capelin, and the value 
obtained for krill is used for amphipods. 

If one assumes that over a period of days or weeks the fish reacbes a steady-state, i.e. the amount 
ingested equals the amount evacuated, then the expected consumption of sgecies i per hour, Ci , 
is given by 

Another problem arises here since the initial med size S, is normally not known in field work. 



As a further sinrrplification, -i, nnay be approxlmated by a eonstmt factor k t Ims  the obsemed 
total stomach content, ESi. dos Santos and Jobling (1995) also tested the consuqtion modeli 
(equation 2 using S,= ESi, i.e. k=l) by feeding cod for a period of 14 days (with a preceding 
adaption period), and comparing the consumption calculated in this way and the measured 
consumption. When multiple prey types were used in the experiment, and the average stomach 
content was used in the calculations (as is done in our calculations), it was found that the 
consumption was overestimated by 35 % using this method, which implies that k should be set to 
1.78. This value is close to the (arbitrarily set) value of 2.0 used by Bogstad and Mehl(1992) 
where the evacuation rate model from dos Santos and Jobling (1992) was applied. Whether this 
value of k found from experiments can be applied when calculating the consumption from field 
data, is open to question, but at present this seems to be the best assumption we can make. A 
discussion of the problems related to the use of evacuation rate models when calculating the 
consumption from field samples can be found in (Anon., 1996b). 

The equation used for calculating the consumption thus becomes: 

where k =l -78 and Si now denotes the average stomach content of prey species i. 

Results 

Table l. Consumption by cod of various prey species 1984-1994, in thousand tonnes. 



~ l l  and polar cod has not yet been segarated fmm the 'otkier' calegosy for the p x s  1986-1992, 
, but this will be done in the near futul- so that the WC reporl: will contain a table with the 
consumption of these species listed for all years. 

Table 1 shows that the cod's consumption of capelin decreased strongly from 1993 to 1994, but 
that the consumption in 1994 is high compared to the acoustic abundance estimate in the autumn 
1993 and 1994 (796 and 199 thousand tonnes, respectively). The same phenomenon was als0 
observed in 1986, when the capelin stock also was low. We als0 see that the annual consumption 
of shrimp by cod almost doubled from 1992 to 1994. The consumption of cod by cod 
(cannibalism) was more than doubled from 1992 to 1993-1994. The fraction of cod in the diet is, 
however, not higher than the few stomach content data from the 1950s (Bogstad et al. 1994) 
indicate. The amount of redfish consumed dropped from a previously rather stable leve1 of 250 
000 - 350 000 tonnes in 1984-1992 to about 120 000 tonnes in 1993 and 1994. The amount of 
arnphipods consumed increased in 1994, but has not yet reached the leve1 observed during the 
previous capelin stock collapse in 1986-1989, when the cod switched from capeIin to arnphipods 
as prey. The fraction of hemng in the diet is relatively low, and decreased from 1992 to 1994. 
Very few of the stomach samples are from pelagic trawl hauls, and thus the consumption of prey 
like herring, which are distributed in the upper layers of the sea, may be underestimated. 
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