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ABSTRACT 

The predation by North-East Arctic cod on pre-recruits of cod and haddock is reviewed 
based on data from the joint PINRO-IMR stomach content data base. It is investigated how 
the abundance indices from surveys of pre-recruits are correlated with the occurrence in cod 
stomachs of pre-recruits of these species. 

Estimates of the consumption of cod and haddock by cod based on a new model for the 
stomach evacuation rate of cod are also given. 

INTRODUCTION 

An important part of stock assessment and management advice is to predict the strength of 
year classes not yet recruited to the fishery. Such predictions are now mainly based on survey 
indices. However, the natural mortality on pre-recruits is large and variable. This may cause 
large errors in the predictions, as observed for North-East Arctic cod in the rnid-late 80's 
(Anon. 1986, 1989). 

After the post-larvae stage, predation is probably the main cause of natural mortality on pre- 
recruits. Estimates of the predation mortality on these age groups may thus improve the 
precision of the prognosis. 

In the Barents Sea, North-East Arctic cod is one of the main predators on pre-recruits of a 
number of commercially important species (cod, haddock, capelin, herring, redfish, shrimp). 
Since 1984 a rather extensive stomach sampling program has been carried out in this area 
(Mehl and Yaragina 1992). 

Based on these data we will investigate how the abundance indices of gre-recruits are 
correlated to the occurrence in cod stomachs of pre-recruits of cod and haddock. We then 
discuss whether cod stomach content data can be used when assessing the recruitment of these 
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species. Finally estimates of the consumption of cod and haddock by cod are given based on 
a new model of the gastric evacuation rate of cod. 

MATEPUAL AND METHODS 

Cod stomach data from the period 1984 to 1992 have been r e ~ e v e d  from the joint IMR- 
PINRO stomach content data base (Mehl and Yaragina 1992). The data used were collected 
during main fish abundance surveys in the periods 1 January to 3 1 March and 15 August to 
15 October. Only predators (cod) 2 30 cm have been included in the analysis. 

The total number of cod and haddock of different 5 cm length groups found in all the 
stomachs in each period and year were calculated. Prey of unidentified size were omitted. The 
number of prey in each 5 cm length group was converted to number by age group using age 
length keys from Norwegian surveys. 

The number of prey in each age group found per stomach in the first period are compared to 
Norwegian acoustic and bottom trawl indices from the same period for the corresponding age 
groups (Mehl and Nakken 1994). In addition, the VPA-estimates of the year class as 3 year 
old fish (Anon. 1994a) have been included in the comparison. 

For the second period, logarithmic indices from the International 0-group surveys (Anon. 
1994b) and Russian acoustic and bottom trawl indices from late autumn surveys (Anon. 
1994a) have been used in the comparison. 

It was also attempted to include a time series of the number of prey by age in the analysis of 
recruitment indices performed when assessing the cod and haddock stocks (Anon. 1994a). 

The stomach content data can also be used to calculate the amount of pre-recruits of cod and 
haddock eaten by cod (Mehl 1989, Bogstad and Mehl 1992, Bogstad et al. 1994). An updated 
version of the model for the stomach evacuation rate of cod developed by dos Santos and 
Jobling (1992) is now available (dos Santos and Jobling 1995). We apply this model to 
calculate the consumption of cod and haddock by cod using mainly the same approach as in 
Bogstad and Mehl (1992), The number at age of cod is taken from Anon. 1994a, and it is 
assumed that the cod spawning stock is outside the Barents Sea for thee months during the 
first ha16 of the year. The new evacuation rate model is given by 

where 
t: time in hours 
St: Stomach content at time t (in g) 
T: temperature ("C) 
B: body weight in g, 
So: Initial meal size (in g) 
The values of the constants are: P=0.52 

6=0.26 
~ 0 . 1 3  

a, is a prey-specific parameter indicating the half-life of prey i. 



Table 1. Number of different age groups of cod found in stomachs of cod 2 30 cm in the Barents Sea 
1 January - 31 Mach 1984 - 1992. 

Age group No. stomachs 
sampled 

I 2 3 

1984 5 1 0 704 
1985 1 1 0 1100 
1986 6 11 2 1158 
1987 3 1 1 705 
1988 0 0 0 1625 
1989 9 0 0 2057 
1990 33 0 0 1574 
1991 4 2 0 2939 
1992 9 4 0 1030 

Table 2. Number of different age groups of kaddxk found in stomachs d cod 2 30 em in the Baenb Sea 
1 January - 3 1 March 1984 - 1992. 

Age group No. stomachs 
sarnpied 

B 2 3 

1984 11 1 0 704 
1985 9 1 0 1 100 
1986 7 4 2 1158 
I987 2 0 0 705 
1988 I 3 0 1615 
1989 6 1 0 2057 
1990 7 2 0 1574 
1991 25 1 0 2939 
1992 30 4 0 1030 

Table 3. Number of different age groups of cod found in stomachs of cod 2 30 cm in the Barents Sea 
and Svalbard area 15 August - 15 October 1984 - 1992. 

Age group No. stomachs 
sampled 

0 1 2 3 

Table 4. Number of different age groups of haddock found in stomachs of cod t: 30 cm in the Barents 
Sea and Svalbard area 15 August-15 October 1984 - 1992. 

- -  

Age group No. stomachs 
sampled 

0 2 2 3 

1984 5 7 0 0 11 14 
1985 4 17 0 0 660 
1986 5 4 1 0 2225 
1987 0 0 0 0 2178 
1988 0 0 0 0 2333 
1989 1 I 0 0 1233 
1990 2 5 1 0 2856 
1991 1 3 1 _ 0 818 
1992 0 4 3 0 956 



If one assumes that over a period of days or weeks the fish reaches a steady-state, i.e. the 
amount ingested equals the amount evacuated, then the consumption of prey i is given by 

The meal size So is normally not known for stomachs sarnpled in the field, but has in this case 
been approximated by the total observed stomach content, S,, The validity of this 
approximation is discussed by dos Santos and Jobling (1995), found that this approximation 
overestimates the consumption somewhat. In Bogstad and Mehl (1992) the meal size was set 
to twice the measured stomach content. Which value of the meal size that should be used 
and the feeding pattern of cod in general is discussed in Tjelmeland and Alvarez (1994). 

The consumption model then becomes: 

The species-specific constant (half-value) ai for haddock is 84, and this value is also used for 
cod as prey. We have used the same age-length keys as mentioned above, and converted the 
consumption in weight of each length group to consumption in numbers by age group. 

RESULTS 

Table 1-4 present the number of cod and haddock found in the cod stomachs in the two 
periods. The total number of stomachs analysed is also given. In the first period the main part 
of the prey (both cod and haddock) were 1-group, with some occurrence of 2-group and 
almost none 3-group. In the second period it was on average found three times as many O- 
group cod as 1-group in the stomachs and fewer older cod than in the first period. Of haddock 
it was however found about twice as many 1-group as 0-group, but fewer 2-group and none 
3-group. 

Figure 1 and 2 show plots of the frequency of occurrence of 1-group of cod and haddock 
respectively in cod stomachs analysed (multiplied by 100) against the Norwegian bottom trawl 
and acoustic abundance indices and VPA-estimates (of the ye= class at age 3) for the first 
period in 1984-1992. For 1-group cod (Figure I) the &velopmnt of the number in the 
stomachs show the same trend as most of the indices in most of the years. One exception is 
1991 when the number in the stomachs is very low while both the bottom @awl index and the 
VPA-estimate show an increasing trend. The picture for haddock (Figure 2) is similar: 
decrease md increase in the number of I-group in the stomachs nomally coincide with 
decrease and increase in the abundance indices. The number of 2-group cod and haddock in 
the stomachs is very low (in many years zero), md plots of this compaed to other indices are 
not included. 

Figures 3-6 show the number of 0 and 1 group of cod and haddock found per cod stomach 
in the second period, plotted against the Russian bottom trawl (multiplied by 10) and acoustic 
abundance estimate and the 0-group index (multiplied by 100). The number of %-group 
haddock in the stomachs in the autumn (Figure 6 )  seems to be correlated with the other 
survey indices in the autumn, while the number of 1-group cod and 0-group cod and haddock 
in the stomachs does not seem to show the same trend as the survey indices. 
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Figure 1. Frequency of occurence of 1-group cod in cod stomachs (scaled) compared to 
Norwegian survey indices and VPA-estimates of cod in the f ~ s t  period of 1984-1992. 
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Figure 2. Frequency of occurence of I-group haddock in cod stomachs (scaled) compared to 
Nonvegian survey indices and VPA-estimates of haddock in the fust period of 1984-1992. 
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Figure 3. Frequency of occurence of O-group cod in cod stomachs (scaled) compared to survey 
indices of cod in the second period of 1984-1992. 
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It was also attempted to include the number of 0, 1- and 2- group cod and haddock in the cod 
stomachs in the analysis of recruitment indices performed using the ICES computer program 
RCRTINX2 when assessing these two stocks. The number of 0, 1-and 2-group of each species 
in winter (not 0-group) and in autumn were included as an extra time series, with zero values 
set to an arbitrarily low value (1.0) in order to avoid problems when taking logarithms. The 
input data to the RCR9Tt9X2 analysis are given in Appendix I (cod) and Appendix II 
(hddock). The mdyses were c ~ e d  out in the s m e  way as done by the Arctic Fishe~es 
Worbng Group at its last meeting (Anon. 1994a), updated by new survey indices. Some of 
the survey indices have been recalculated due to changes in gear and acoustic target strength 
(Mehl and Nakken 1994). The results of the analysis with and without the stomach indices 
included, are given in Table 5 (cod) and 6 (haddock). The difference in the predicted 
recruitment is small, as one would expect given the large number of indices already included 
(16 for cod, 10 for haddock). In generd, including ehe stomach content data as indices lower 
the estimates of recruiting year classes slightly. However, the comelation coefficients (R2) for 
these indices indicate a reasonable co~~elation (> 0.35 in the last year with data) only for 1- 
group haddock (both autunm and winter survey) and 1-group cod (winter survey). The number 
of 2-group found in the stomachs is so low, and zero in many years, that littie correlation 
could be expected. 
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Figure 5. Frequency of occurence of I-group cod in cod stomachs (scaled) compared to Russian 
survey indices and WA-estimates of cod in the second period of 1984-1992. 
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Figure 6. Frequency of occurence of 1-group haddock in cod stomachs (scaled) compared to Russian 
survey indices and VPA-estimates of haddock in the second period of 1984-1992. 



Table 5. 

RCRTINX2 analysis of survey data on cod recruitment, with and without abundance in cod stomachs included 
as indices 

Analysis by RCR'IWX2 of data from file cod-arctic:rcbb NORmEAST ARCTIC COD : recruits as 3 year-olds 
(inc. data for ages 0,1,2 & 3) 

Data for 21 surveys over 37 years 
WGRESSION TYPE = C TAPESD 
WEIGHmG NOT APPLIED FINAL 
GREATER THAN THAT OF MEAN 
M OF 3 POINTS USED F 

Survey/ Index 
Series Value 
- 1 -  1.9459 
R-233-1 .6931 
R-1-2 1.6094 
R-2B-2 1.6094 
R-1-3 3.2958 
R-2B-3 4.2905 
INTOGP 4.8203 
N-BST1 5.8797 
N-BST2 6.1804 
N-BST3 5.7519 
N-SVTl 4.7622 
N-SVT2 4.8752 
N-SVT3 
N-BSAI 4.9488 
N-BSA2 6.2285 
N-BSA3 5.7137 
ST-W-1 2.6810 
ST-W-2 3.6839 
ST-A-0 2.708 1 
ST-A-1 4.7095 
ST-A-2 3.0865 

Slope 

2.306 
2.314 
1.039 
1.832 
.686 

1.213 
2.502 
.460 
.604 
.672 
.629 
.568 

.362 

.528 

.575 

.685 
1.539 
1.041 

11.410 
-6.238 

Inter- 
cep t 
3.556 
3.072 
4.428 
3.625 
4.488 
3.434 

-4.141 
4.062 
3.050 
2.724 
3.399 
3.641 

4.501 
3.573 
3.339 
3.421 
2.71 I 
1.154 

-33.326 
16.295 

Rsqum No. 
Pts 

.I772 20 

.I484 20 

.5856 20 

.2234 20 

.7704 33 

.3156 33 
,0580 24 
.3262 10 
.3831 11 
.6629 12 
.3439 8 
.4700 9 

.4158 9 

.5140 11 

.8530 12 

.4125 7 

.0939 8 

.0704 6 

.0081 7 

.0070 8 

Predicted 
Value 
8.0436 
4.6762 
6.1010 
6.5733 
6.7485 
8.6360 
7.921 1 
6.7690 
6.7804 
6.5884 
6.3917 
6.4094 

6.2918 
6.8624 
6.6229 
5.2566 
8.3798 
3.9745 

20.4106 
-2.9574 

Sigma 

1.40529 
1.56216 

.54863 
1.21512 

.35602 

.96043 
2.62830 

.94028 

.83429 

.468 16 

.96036 

.69267 

.80359 

.6393 1 

.2725 1 

.87798 
2.15994 
2.16168 
8.13099 
8.26752 

Standxd 
Error 
1.60885 
1.65244 

.57677 
1.28766 

.40308 
1.25934 
2.81834 
1.03334 
.92165 
.52028 

1.03814 
.74940 

.86581 

.72549 

.30947 

.95778 
2.50974 
2.47029 

10.93833 
9.52040 

Weight 

.0103 1 

.00974 

.08020 

.01609 

.I6421 

.01682 

.00336 

.02499 

.03141 

.09856 

.02476 

.0475 1 

.03559 

.05069 

.27858 

.02908 

.OM24 

.00437 

.ooo22 

.OW29 

MEAN 5.6966 .62207 .62207 .06894 

Recruitment estimates, stomach content data included in analysis. 
Year-class Weighted Internal External Virtual Ext.SE/ 

Average Standard Standard Population Int.SE 
Prediction Error Error Analysis 

Recruitment estimates, stomach content data NOT included in analysis. 
Year-class Weighted Internal External Virtual Ext.SE/ 

Average Standard Standard Population Int.SE 
Prediction Error Error Analysis 
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Table 6. 

RCRTINX2 analysis of survey data on haddock recruitment, with and without abundance in cod stomachs 
included as indices. 

Analysis by RCRTINX2 of data from file haddock-arctic:rcrt NORmAST ARCTIC HADDOCK : recruits 
as 3 year-olds (inc. data for ages 0,1,2 & 3 

Data for 15 surveys over 37 years 
REGRESSION TYPE = P TAPERED TIME WEIGHTING APPLED POWER = 3 OVER 20 YEARS 
PRIOR WEIGHTING NOT APPLIED FINAL ESTIMATES NOT SHRUNK TOWARDS MEAN 

ESTIMATES WITH S.E.'S GREATER THAN THAT OF MEAN + INCLUDED h4lMMUM S.E. FOR 
ANY SURVEY TAKEN AS .20 MINIMUM OF 3 POINTS USED FOR REGRESSION 

Survey1 Index 
Series Value 
R-T-I 4.4067 
R-T-2 4.2195 
R-T-3 5.1591 
1;NTOGP 4.0775 
N-BSTl 6.8855 
N-BST2 7.0646 
N-BST3 6.2683 
N-BSA1 7.2041 
N-BSA2 6.4816 
N-BSA3 6.4216 
ST-W-I 4.4555 
ST-W-2 3.6839 
ST-A-0 2.0794 
ST-A-1 3.6297 
ST-A-2 3.4782 

MEAN 

Slope Inter- 
cept 
2.278 

Rsquare No. 
Pts 

.7206 32 
3043 32 
.7605 31 
.3248 24 
,6557 9 
3244 10 
3824 11 
.4849 8 
,8078 10 
.9133 11 
.4165 6 
.0821 7 
-0836 5 
.3727 6 
.0491 7 

Predicted Sigma 
Value 
6.3088 .80208 
5.7154 .67125 
5.9419 -72081 
4.5181 1.24693 
4.7859 -93236 
5.7605 .66424 
5.7137 .54633 
4.8614 1.10727 
5.7859 .69490 
6.2680 .46911 
4.6027 1.08499 
4.7442 1.36131 
3.7802 1.15693 
4.3671 1.12496 
5.3768 1.38556 

Standard 
Error 
.99970 
.77695 
236181 

1.36409 
1.02695 
.78900 
.64064 
1.30581 
32940 
578 19 

1.22473 
1.66311 
1.28050 
1.23818 
2.765 14 

1.4402 1 

Weight 

.05891 

.09753 
,07927 
.03 164 
.05583 
.09458 
.I4345 
.03453 
-08559 
.I7611 
.03925 
.02129 
.0359 1 
.03840 
.00770 

.ooooo 

Recruitment estimates, stomach content data included in analysis h 
1Year-class Weighted 

Average 
Prediction 

Internal 
Standard 
Error 

External 
Standard 
Error 

Virtual Ext.SE/ 
Population Int.SE 
Analysis 

Recmitnlent estimates, stomach content data NOT included in analysis. I 
i 

Year-class Weighted Internal External Virtual Ext.SE/ 
Average Standard Standard Population 1nt.SE 
Prediction Error Error Analysis 



The results of the consumption calculations are given in Table 7 (cod) and 8 (haddock). 
Compared to the old consumption model, the new model gives a higher consumption by smaller 
fish relative to the consumption by larger fish. In addition, the temperature model used have 
been changed. Also, the evacuation rate for haddock has now been determined experimentally, 
while in Bogstad and Mehl (1992) the evacuation rate for haddock and cod was set equal to the 
evacuation rate of herring, which now is found to be slightly slower ( ~ 8 8  vs. 84 for haddock). 
Compared with the calculated consumption of cod by cod using the model by dos Santos and 
Jobling (1992), wbich is presented in Bogstad et a!. (19941, this new model gives somewhat 
higher consumption estimates. If the mal size had been set to twice the measured stomach 
content, however, as was done by Bogstad and Mehl (1992) the consumption would have been 
lower. 

The very kgh  consumption cdeerlated of cod 0-group in 1992 should dso be noted, Until 1990, 
the main part of the stomach samples in the period 15 August-15 October were taken during the 
second half of the survey, while in later years the main part of the samples were collected during 
the first half of the period. The bottom settling of the 0-group starts in this period. One should 
keep in mind that the consumption calculations~in Tables 7-8 are based on data from throughout 
the year, while the data in Tables 1-4 are from two short periods (although the main part of the 
data are collected during these two periods). 

Table 7. Consumption of cod by cod (numbers in millions) in the Barents Sea by prey age. 

Table 8. Consumption of haddock by cod (numbers in millions) in the Barents Sea by prey age. 



CONCLUSIONS 

The number of 1 group cod and haddock found in cod stomachs may give some indication 
on the strength of the year class at that stage. The number of prey in cod stomachs is an 
indication both on the abundance of prey and the number removed. When calculating the 
consumption by cod of cod and haddock, the predation by cod on pre-recruits of cod and 
haddock is found to be of the same order of magnitude as the strength of a year-class at age 
3. The predation by cod is thus an important factor in regulating the year class strength of cod 
and haddock, and one should try to model this, as has been attempted for cod cannibalism by 
Skagen et al. (1990), Bogstad et al. (6994) and Korzhev and Tretyak (1992). 
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Appendix I. Input data to the RCRTDJX2 analysis for cod. 

NORTHEAST ARCTIC COD: recruits as 3 year-olds (inc. data for ages 0, 1, 2 & 3) 

21,37, 2 (No. of surveys, No. of years, VPA Coltimn No.) 

R-1-1 Russian Bofprn tial suvey, Tea I, age 
R-2B-1 Russ~an IIb, age 
R-1-2 Russian " " " " I, age 
R-25-2 Russian " " " " IIb, age 
R-1-3 Russian " " " " I, age 
R-2B-3 Russian " " " " IIb, age 
INTOGP International 0-grou surve 
N-BSTI Norwegian B y n t s  !!?a. $o!!om trawl 
N-BST2 Norwdgian 
N-BST3 Norwdgian " " 
N-SVTI Norwegian Svrfjbar$ea :: " 
N-SVT2 Norwdgian 
N-SVT3 Norwdgian " " ,, ,* 
N-BSA1 Norwegian Baynts Sea Ac;ustic sup 
N-BSA2 Norwegian 
N-BSA3 Norwegian " " 
ST-W-1 Numbr  of age 1 cod in cod stomachs 
ST-W-7 2 

12 16 
16 24 
18 14 
9 19 
2 2 
7 4 

21 120 
49 45 

1 1 
2 1 
1 1 
7 1 

11 6 
70 85 
37 24 
54 17 
70 5 

6 1 
93 4 

4 1 
2 1 
1 3 
1 8 
1 8 
4 4 
8 10 

45 41 
7 15 
4 6 
2 5 
1 1 
7 1 
7 10 

26 72 
8 24 

-11 -11 
-11 -11 
1 

2 
2 
3 
3 

su,yey, age 
39 ;;; 
:: age ;;; 

ley age 
age 

, winter 
age 

, winter . autumn 
ST-A-I 1 , autumn 
ST-A-2 2 , autumn 

Appendix 11. Input data to the RCRTDJX2 analysis for haddock 
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