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Bstimate of Consumption of Pollock by Pacific Cod 
in the eastern Bering Sea 

Kei-ichi Mito 
National Research Institute of Far Seas Fisheries 

ABSTRACT 

Composition and weight of stomach contents of Pacific cod collected 
in the eastern Bering Sea during 1970-1985 are described by season, area and 
by length. The daily ration of Pacific cod is estimated with equations 
developed by Winberg and by Jones. Furthermore, by multiplying estimated 
biomass of Pacific cod in the eastern Bering Sea to the daily ration, annual 
consumption of pollack by Pacific cod is calculated and the number of pollack 
consumed by age is estimated. Annual consumption by Pacific cod is 5.00-5.98 
million t and of these, pollack was 2.78-3.55 million t. The number of 
pollack consumed by age is 5.0-19.5 billion fish for age 0, 14.2-16.1 for age 
1, 21.9-28.9 for age 2, 2.7-3.7 for age 3, 0.22-0.41 for age 4-5, and 8-22 
million fish for age 6 and older. By comparing pollack population number by 
age, the proportion of pollack consumed is highest for age 3 pollack. 
Therefore, Pacific cod is considered to be an important predator for age 3 
pollack. 
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1. Introduction 

Pollock occupies a key position in the Bering Sea ecosystem. Young 
pollock feed on zooplankton and older pollock feed on their young. 
Furthermore, pollock are consumed by marine mammals, sea birds and other 
groundfishes. It is found by some ecosystem modelling studies that pollock 
play a key role in the transfer from lower level energy to higher trophic 
levels (Kishimoto et al. 1988, Leavastu and Larkins 1981, Fisheries Agency of 
japan 1986, 1987 and 1988). Pacific cod played an important role as a 
predator of pollock in their models. 

In addition, Livingston (1988) and Livingston et al. (1986) reported 
on the feeding habits of Pacific cod in the eastern Bering Sea, and estimated 
the amount of pollock and crabs consumed by Pacific cod by calculating annual 
consumption by Pacific cod with daily ration and biomass estimates. 

In this report, as with the above mentioned study, I estimated the 
annual consumption of Pacific cod based on composition and weight of stomach 
contents and estimated biomass of Pacific cod. The data used for this study 
are from stomach contents data of groundfish collected in the eastern Bering 
Sea during 1970-1985 by research vessels and from commercial catch and 
analyzed by the scientists of National Research Institute of Far Seas 
Fisheries, and from stomach contents data of groundfish collected by the 
author in the eastern Bering Sea in 1972, 1974 and 1975 and analyzed by the 
author at the Faculty of Fisheries, Hokkaido University. Both data sets were 
inputted into a computer during the work of the "Ecosystem Modelling Project 
in the Bering Sea". composition and weight of stomach contents of Pacific cod 
was determined by season, area, depth zone and length based on this data base 
and additional data obtained from the later analyses. The number of pollock 
consumed by age by Pacific cod and the effect of Pacific cod on the 
fluctuation of pollock population are discussed. 

2. Material and Method 

(1) Composition and Weight of Stomach Contents of Pacific Cod 

The number of stomach samples of Pacific cod analyzed by the 
scientists of the National Research Institute of Far Seas Fisheries and by the 
author at the Hokkaido University are shown in Table 1 by research vessel and 
commercial vessel. A total of 5,051 stomach samples were analyzed and data 
from 4,723 stomachs of them were used for the study. Samples were mainly 
collected from the continental shelf of 100m and deeper and upper slope area 
of the entire eastern Bering Sea (Fig. 1). 

These samples are divided into northern and southern areas by the 
line shown in Fig. 1, and further divided by depth into four depth zones; 
shallower than 109m, 110-182m, 183-731m and 732-1,097m. Seasons are winter 
(Jan. - March), spring (April - June), summer (July - Sept.) and autumn 
(Oct. - Dec.). The length of Pacific cod is divided into 7 groups by 10 or 15 
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cm intervals. Each of these groups corresponds roughly to the following ages: 

Fork length 0-15 cm . age 0 . 
15-30 . 1 . 
30-40 . 2 . 
40-50 . 3 . 
50-60 . 4 . 
60-75 5-6 
75- 7 and older 

The number of samples by area, season, depth zone and size of Pacific cod is 
shown in Table 2. 

The analysis of stomach contents was conducted by the scientists of 
the North Pacific Groundfish Section, National Research Institute of Far Seas 
Fisheries or by the author at the Hokkaido University. The condition of 
samples at the time of analysis was either thawed frozen samples, samples 
preserved with formalin on board the vessel, or previously frozen samples 
preserved with formalin at the laboratory. Stomach samples were cut open, 
stomach contents were taken out, and wet weight of sorted species group of 
prey items were measured. When I analyzed the sample at the Hokkaido 
University, prey items from several of small Pacific cod of the same length 
range were combined to measure wet weight. The classification stages of prey 
items were from order to species and they varied with the scientist and with 
the degree of digestion. When possible, the length of large prey items such 
as fish were measured. In addition, for pollock, head length and otolith 
length were also measured when possible, and these measurements were converted 
to fork length with the following equations: 

FL= 4.250 HL - 2.6 
FL= 26.75 OL - 45.8 

where, FL: fork length (mm) 
HL: head length (mm) 
OL: otolith length (mm) 

These data were stored into a super computer during the work of the "Ecosystem 
Modelling Project in the Bering Sea" (Fisheries Agency of Japan 1986, 1987 and 
1988). This study used this data file and followed the above standard. The 
compilation of data was executed by Fuyo Data Processing & Systems Development 
Ltd. Because the classification stages of prey items varies, prey items other 
than fish were classified by class or order and fish were classified by family 
or species. 

(2) Estimate of Percentage of Daily Ration of Pacific Cod 

Two methods were used to estimate the daily ration of Pacific cod; a 
method to fit growth and metabolism to Winberg's equation and a method to fit 
body weight and stomach contents weight to Jones' equation. Winberg's 
equation (1956) is as follows: 
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c = 1.25(i + 2rs) 

where, c: daily ration (kcal) 
i: growth of body per day (kcal) 
rs: standard metabolism per day (kcal) 

However, Brett and Groves (1979) reported that the average metabolism of cold 
water fish per day is threefold that of the standard metabolism. Therefore, I 
used the following equation: 

c + 1.25(i + 3rs) 

From this relation, annual average percentage of daily ration (cri) of Pacific 
cod at age i (%BWD: percentage of amount of food intake per day to body 
weight) was calculated with the following equation: 

cri = ci x 100 
,r(Wi.Wi+1) 

For growth and length-weight relation, I used the following 
Thompson's equations (1989): 

= 
= 

105 • 4 ( 1 _ 8 -0.2367Ct-1.057) 

0. 0061 L3· 1635 

Then, the growth per day was calculated with the following equation: 

i = 

The caloric value of a fish was assumed to be 1 kcal/g and the 
average caloric value of prey item was also assumed to be 1 kcal/g. Smith et 
al. (1988) calculated the rate of energy loss by spawning for pollock in the 
Gulf of Alaska. He estimated that 46% of the energy of pre-spawning pollock 
body was lost. The similar percentage of energy was assumed to be lost for 
Pacific cod in this study. Assuming that the age at maturity of Pacific cod 
was 5, growth of the gonad was added for growth of fish older than 5. 
Assuming that the body weight obtained from Thompson's length-weight relation 
was the median weight of before and after spawning weight, 60% of body weight 
at spawning was added for the growth of the gonad for mature fish. 

Regarding the standard metabolism, the following equation, which was 
obtained by Edward et al. (1972) from Atlantic cod, was used for Pacific cod 
in the eastern Bering Sea. 

rs = 0.0199 w0•82 
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When habitat temperature in the eastern Bering Sea was 3°C (assuming 
no seasonal variation for simplification) and Q10 was 2.48 (Edward et al. 
1972), the relation between the standard metabolism and body weight of Pacific 
cod was: 

rs = 0.0088 w0•82 • 

Using the above equations, Winberg's equation for calculating the daily ration 
of Pacific cod is as follows: 

Cl. = 1.25 < < wi+1 - wi + o.6wi+1 > 3 o 0088 v(W ... >o.82> 365 365 + X • i +1 ° "i 

Jones (1974) conducted a feeding study with gadoids such as cod and 
haddock from the North Sea and calculated the food elimination rate in the 
stomach per hour (rh) (g/hr). The following relation was observed at 
temperature of 6°C: 

rh . = 0. 0089 wo.44 XO .46 

where, w: body weight of gadoid 
x: food weight in the stomach 

In addition, the following relation was observed between water temperature T 
(°C) and elimination rate: 

rh oc 100.035T 

Assuming that the habitat water temperature of Pacific cod in the 
eastern Bering Sea was 3°C, daily ration (rd) (24 times of rh) of Pacific cod 
was estimated with the following equation: 

rd = 

where, w: 
x: 

mean body weight of samples processed 
mean food weight in the stomachs 

This was calculated for each season. 

(3) Estimate of Annual Food Consumption by Pacific Cod Population 

The annual food consumption by Pacific cod population was estimated 
by multiplying the estimated biomass by the percentage of daily ration of 
Pacific cod. For biomass estimates of Pacific cod, I used estimates obtained 
by the Japan-US joint groundfish surveys in 1982 and 1985 (Bakkala et al. 
1985, Walters et al. 1988). 

The following two methods were used for the estimate of annual food 
consumption of Pacific cod population: 
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Method A: daily ration calculated by Jones' equation multiplied by 
biomass by the length obtained from the surveys 

Method B: daily ration calculated by Winberg•s equation multiplied 
by biomass by age of equilibrium population (number of 
population by age was determined with total mortality rate 
of 0.6 to meet the total biomass of age 2 and older fish 
with 1.15 million t). 

Weight and number of pollock consumed were calculated with the 
composition of stomach contents of Pacific cod and mean body weight of pollock 
by age. Since the composition of stomach contents of Pacific cod was 
determined by season, the amount of pollock consumed also was determined by 
season. When Winberg's equation was used for the estimate of the daily 
ration, only the annual mean values were calculated in the equation. 
Therefore, for estimating daily ration by season, I used a method of 
multiplying 91 by the product of annual mean percentage of daily ration and 
biomass (for simplicity, I assume that all seasons had 91 days). For the 
estimate of the amount of pollock consumed, only age 2 and older fish were 
calculated in both methods. That is, amount of food consumed by age 0-1 
Pacific cod is excluded from this calculation. 

3. Results 

(1) Composition of Stomach Contents of Pacific Cod 

Table 3 and Fig. 2 show weight composition of stomach contents by 
area, depth zone and by eight prey items such as Polychaeta, Gammaridae, 
shrimp, crab, other Invertebrata, herring, pollock and other fish. All 
sampling years of Pacific cod are combined in these table and figures. 
Comparing by depth zone, in the spring, Pacific cod tended to consume mainly 
pollock in the depth zone of 110-182m and mainly shrimp in 183-731 m depth 
zone in the southern area. A similar tendency was observed in the northern 
area in summer. Comparing by area, in spring, Pacific cod tended to consume 
mainly Polychaeta, shrimp and crab in the southern area and mainly pollock in 
the northern area. Throughout all seasons, small Pacific cod tended to 
consume mainly shrimp, crab, Gammaridae and Polychaeta and large Pacific cod 
tended to consume mainly pollock. By season, Polychaeta and shrimp tended to 
be consumed mainly in summer, crab in autumn and pollock in winter. 

Age composition of pollock in weight(%) consumed by Pacific cod by 
season is shown in Table 4 and Fig. 3. Except in the autumn, Pacific cod of 
length 30-40cm mainly consume age 1 pollock, 40-75cm cod mainly consumed age 2 
pollock and cod of 75cm and larger mainly consumed age 2-5 pollock. In 
autumn, Pacific cod of 30-50cm in length mainly consumed age O pollock and 50-
75cm cod mainly consumed age 3 pollock; this was different from other seasons. 
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(2) Stomach Contents Weight of Pacific Cod 

Stomach contents weight and percentage per body weight of Pacific 
cod by area (%BW: percentage to body weight) are shown in Table 5 and Fig. 4. 
By area, the northern area tended to have a higher percentage of stomach 
contents weight. When combining both areas, the percentage ranged mainly 
between 2.0 and 3.0% except 0.6-0.8% for 30-50cm fish in autumn. For seasonal 
change, a group of Pacific cod with 30-40cm in length had higher percentage in 
winter and lower percentage in autumn. The group of fish 40-60cm in length 
had higher percentage in summer and lower percentage in autumn. The group of 
fish 60cm and larger in length had higher percentage in autumn and lower 
percentage in winter. By length, larger fish had higher percentage. 

(3) Estimate of Daily Ration of Pacific Cod with Winberg's Equation 

The estimated percentage of daily ration is shown in Table 6 and 
Fig. 5. The percentage of daily ration for Pacific cod of age 2 and older is 
shown in this table and figure. The higher percentage was about 2% for age 2 
fish, and the percentage had a tendency to decline with increasing age and 
ranged 0.8-0.9% for fish of age 9 and older. 

(4) Estimate of Daily Ration of Pacific Cod with Jones' Equation 

Daily ration was estimated with Jones' equation using body weight 
and stomach contents weight, and the percentage of daily ration is shown in 
Table 7 and Fig. 6. Body weight and stomach contents weight used here are the 
combined values of two areas and all depth zones. The season in which the 
daily ration had the highest percentage varied by age of Pacific cod. That 
is, age 2 Pacific cod had the highest percentage in winter, age 3-4 fish had 
highest in summer, age 5 and older fish had highest in autumn. On the other 
hand, the lowest season for age 2-4 fish was autumn, age 5-6 fish for summer, 
and age 7 and older fish for winter. The change in percentage with growth was 
small and mainly ranged 1.2-1.6% BWD. 

(5) Estimate of Annual Consumption by Pacific Cod Population 

The amount of food consumed and prey composition of Pacific cod 
population of age 2 and older by age and by season, which were estimated by 
Method A and B, are shown in Table 8 and 9. The distribution of Pacific cod 
biomass by age based on Method A (Table 8) shows that biomass of age 5-6 fish 
is 360 thousand t, that of age 7 and older fish is 300 thousand t, and biomass 
of age 5 and older fish accounted for 57% of the total biomass. A total 
annual consumption was about 5 million t, of which age 5-6 cod consumed 1.41 
million t, 28% of total consumption, and age 4 cod consumed 1.05 million t, 
21%. Age 7 and older Pacific cod consumed 0.97 million t, 19%. By prey 
items, pollock was 2.78 million t and accounted for 56% of the total 
consumption, followed by other fish, shrimp and crab. Pacific cod of age 5-6 
consumed 1.60 million t of pollock and age 7 and older cod consumed 0.62 
million t of pollock, and these accounted for 60% of the total pollock 
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consumption. By season, pollock consumption was the highest in winter 
(Table 9). 

In Method B, 1982 and 1985 biomass estimates were used as Pacific 
cod biomass. Annual consumption was calculated by multiplying these values by 
the daily ration. Although biomass by age (Table 8) was greater in 1982 as a 
whole, biomass of age 3 and age 7 and older cod was greater in 1985. The 
total consumption was 5.98 million t for 1982 and 5.52 million t for 1985; 
consumption in 1982 was slightly greater than in 1985. Consumption by age of 
Pacific cod in 1982 showed that age 5-6 cod consumed 2.68 million t and 
accounted for 45% of the total consumption, followed by consumption of 1.68 
million t by age 4 fish. In 1985, age 5-6 cod consumed 1.98 million t, 36%, 
followed by 1.61 million t by age 7 and older fish. By prey items, 3.55 
million t of pollock was consumed and accounted for 59% of the total 
consumption in 1982. Consumption of other fish, Gammaridae and shrimp 
followed pollock. In 1985, 3.35 million t of pollock was consumed and 
accounted for 61% of the total consumption, followed by other fish, other 
Invertebrata and shrimp. Age 5-6 Pacific cod consumed 1.98 million t of 
pollock in 1982 and accounted for 56% of the total, followed by 0.68 million t 
by age 4 cod. Amount of pollock consumed by age 7 and older Pacific cod was 
small and was 0.36 million t. In 1985, consumption by age 5-6 cod was 1.46 
million t and was the greatest; this was the same as in 1982, however the 
percentage of the total was low and was only 44%. Consumption by age 7 and 
older cod followed and was 0.95 million t. Consumption by age 4 cod was small 
and was 0.24 million t. By season, pollock was consumed almost equally in 
1982, but in 1985 more pollock was consumed in winter and spring (Table 9). 

(6) Estimate of Pollock Consumed by Age by Pacific Cod 

Weight and number of pollock consumed by Pacific cod, which were 
estimated by the Method A, is shown by age in Table 10 and by season in Table 
11. Results obtained by Method Bare also shown in Table 10 and 11. 
According to the results obtained by the Method A, age 0-1 pollock was 
consumed mainly by age 2-3 Pacific cod, age 2-3 pollock was consumed mainly by 
age 5-6 cod, age 4-5 pollock was consumed mainly by age 5 and older cod, and 
age 6 and older pollock was consumed only by age 7 and older cod (Table 10). 
By season, age 0 and 3 pollock were consumed mainly in autumn, while age 1-2 
pollock was not heavily consumed in autumn (Table 11). Pollock of age 4 and 
older was mainly consumed in spring. 

According to the results of Method B, in 1982, as was the case of 
Method A, age 0-1 pollock was mainly consumed by age 2-3 Pacific cod, age 2-3 
pollock was mainly consumed by age 5-6 cod, age 4-5 pollock was consumed 
mainly by age 5 and older cod, and age 6 and older pollock was consumed only 
by age 7 and older cod (Table 10). The results for 1985 were similar to that 
for 1982, however age 4-5 pollock was mainly consumed by age 7 and older 
Pacific cod. By season, in 1982, as was the case of Method A, age 0 and 3 
pollock were consumed mainly in autumn but age 1-2 pollock was not heavily 
consumed in autumn (Table 11). Pollock of age 4 and older was mainly consumed 
in spring. The results for 1985 were similar. 
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4. Discussion 

(1) Change in Composition and Weight of stomach Contents of Pacific Cod 
by Season and by Area 

The difference of composition and percentage weight of stomach 
contents of Pacific cod may reflect the difference in prey composition and 
prey biomass of its environment. There are few studies conducted to determine 
seasonal change in abundance of demersal prey species for Pacific cod. 
Therefore, it may be possible to estimate relative abundance of prey species 
based on the results of stomach contents examination. That is, the abundance 
of prey species in the northern shelf of the eastern Bering sea in spring 
would be fairly high compared with the southern area. This was mainly because 
of high pollack abundance, and this result coincided with the pollack 
abundance by area observed in the 1982 and 1985 Japan-us cooperative surveys 
(Bakkala et al. 1985, Walters et al. 1988). The abundance of prey items 
tended to be higher in the northern area also in autumn, however it was not 
clear which prey item contributed to the high abundance. In other seasons, 
difference by area was not clear. By season, although the difference is not 
clear because the trend in the change of stomach contents is different by 
length of Pacific cod, the low weight of stomach contents of age 2-3 Pacific 
cod in autumn indicates that the abundance of age 1-2 pollack, which is the 
main prey item for Pacific cod of this age, may be relatively low in the area 
inhabited by age 2-3 cod in the autumn. 

(2) Comparison of Stomach contents Composition of Pacific Cod With other 
Study 

Livingston et al. (1986) studied the composition of stomach contents 
of Pacific cod collected in the eastern Bering Sea in 1982-1984, and reported 
that small Pacific cod (55cm and less) mainly consumed crustacean and large 
fish (55cm and larger) mainly consumed fish. They also reported that small 
cod consumed mainly small crustaceans in winter and autumn and consumed mainly 
crab in spring and summer. Based on the results of stomach contents analysis 
of Pacific cod collected in May-July, 1975 and 1976, Wakabayashi (1986) 
reported that the main prey item of Pacific cod was pollack and prey 
composition varied by length of cod. In this study, even small cod consumed 
mainly pollack, which was different from Livingston et al. (1986), and primary 
consumption of crab by small cod during spring and summer was not observed in 
my study. These differences may be attributed to the difference of sampling 
location. That is, Livingston et al. (1986) collected Pacific cod at the 
depth zone of 30-200m and this depth is shallower than the depth zone in my 
study. While pollack mainly inhabit depths of 110-180m during summer (Bakkala 
et al. 1985, Walters et al. 1988), crab may inhabit a shallower depth zone 
because percentage weight of crab to the stomach contents weight of Pacific 
cod was high in geographically wide area of 50-250m in depth (Livingston 
1988). Therefore, the percentage of prey items to stomach contents may depend 
on the degree of coincidence of sampling location of Pacific cod and 
distribution area of prey items. Furthermore, the difference may be 
attributed to survey years. 
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(3) Difference in Percent of Daily Ration and Amount of Annual 
Consumption by the Estimation Methods 

Fig. 7 shows the percentage of daily ration estimated by Winberg's 
and Jones' equations. Although estimates calculated by Winberg's equation 
were higher at age 2, it was lower after age 3, and the difference was 
especially large at age 7 and older. one reason for this difference may be 
the use of a constant rate of elimination for both large and small fish in the 
Jones' equation. However, larger fish have stronger fish-eating habits and 
the elimination rate of large prey items, such as fish, may be less than other 
prey items. Therefore, the estimated percentage of daily ration obtained by 
Jones' equation may be higher for larger fish. However it is impossible to 
determine which result is closer to reality. Since the estimated percentage 
of daily ration by Winberg's equation was lower, the annual consumption of 
pollock by Pacific cod population estimated by Method A was 0.6-0.8 million t 
less than that obtained by Method B, and this was also the difference of total 
consumption by the Pacific cod population. 

(4) Comparison With the Results of other Studies on Consumption of 
Pollock by Pacific Cod 

Livingston et al. (1986) estimated pollock consumption by Pacific 
cod based on the composition of stomach contents, gastric evacuation rate in 
stomachs of Pacific cod in the eastern Bering Sea and estimated biomass from 
the Japan-US cooperative surveys. The results revealed that 80 thousand t of 
pollock was consumed in spring, 400 thousand tin summer, 250 thousand tin 
autumn and 240 thousand tin winter, and a total of 970 thousand t of pollock 
was consumed in a year. This is much lower than the value obtained from this 
study (2.78-3.55 million t). The reason of this difference may be mainly that 
the percentage of pollock which appeared in prey items of Pacific cod was 
lower in their study. Three factors are necessary to calculate pollock 
consumption; biomass, percentage of daily ration and percentage of pollock to 
the total prey items. In their study, the latter two factors were 
considerably lower than this study for smaller fish. As described earlier, 
the sampling location of Pacific cod is different between Livingston et al. 
(1986) and this study, and this difference appears to account for the 
difference of pollock percentage to the total prey items. To avoid this bias, 
it is necessary to calculate total consumption by dividing the area into small 
sub-areas, calculating pollock consumption of each sub-area by multiplying 
Pacific cod biomass and daily ration to pollock percentage, and then totalling 
the results of each sub-area. However, the number of stomach samples of 
Pacific cod is not enough to divide them into sub-areas. It is necessary to 
increase stomach samples to obtain composition of stomach contents from the 
entire area of distribution of Pacific cod. The period in which Pacific cod 
stomachs were sampled ranged from 1970 to 1985 in this study. This period 
includes 1980 when the Pacific cod population in the eastern Bering Sea 
increased significantly. The number of stomach samples collected before and 
after 1980 was almost equal. The composition of stomach contents may be 
changed according to the change in Pacific cod biomass. However, since this 
change reflects the relative relation between abundance of predator and prey, 
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it is necessary to determine the relation with abundance of prey items, 
especially with abundance of pollock by age. I did not compare composition of 
stomach contents by sampling year, however I will report the relationship 
between composition of stomach contents by sampling year and pollock abundance 
by year. 

(5) Effect of Pacific Cod on Pollock Population 

The number of pollock consumed by Pacific cod which was estimated by 
this study and the pollock population number and mortality by cannibalism in 
the Bering Sea in 1982 which were estimated by Mito (1989) _are shown below 
(Unit: billion fish): 

NUMBER OF POLLOCK POLLOCK POPULATION MORTALITY BY 
AGE CONSUMED BY PACIFIC NUMBER CANNIBALISM 

COD 

0 5.0-19.5 17,800 (July 1) 13,080 
1 14.2-16.1 2,800 1,920 
2 21.9-28.9 392 327 
3 2.7-3.7 39.7 3.1 
4-5 0.22-0.41 39.1 (age 4) 0 
6- 0.000-0.022 2.4 (age 6) 0 

The Pacific cod population used for this calculation is limited to 
those from the continental shelf and upper elope of the eastern Bering Sea. 
Furthermore, because the vulnerability to trawl nets used for the groundfish 
surveys assumed to be 1.0, Pacific cod biomass may have been underestimated. 
In addition, pollock consumption by age 0-1 Pacific cod was not included in 
the calculation, consumption of pollock of age 0-1 may have been under
estimated significantly. Therefore, total pollock consumption by Pacific cod 
may be underestimated considerably, however it is impossible to conclude that 
the calculation was underestimated because of a bias due to sampling location 
of Pacific cod and pollock percentage to total prey items was not available 
for the period after cod increased. 

The pollock population number shown here was estimated by cohort 
analysis and was the total of the eastern Bering Sea shelf stock and the basin 
stock which spent their young stage in the eastern Bering Sea. Compared with 
the population number obtained by the 1982 Japan-us cooperative survey, the 
population number used here is 7.1 fold greater for age 3 and 3.3 fold greater 
for age 4 pollock. The number of pollock consumed by Pacific cod is very 
small for age 0-2 pollock compared with the mortality by cannibalism. 
However, they are almost the same for age 3. Taking the underestimation of 
Pacific cod biomass into consideration, consumption of pollock by Pacific cod 
may be larger than cannibalism. Since age 3 pollock in 1982 was a second 
strongest year class next to 1978 year-class, the number of pollock consumed 
was significantly smaller compared with its population number of 39.7 billion 
fish. When I compared this consumption with the average population number of 
21.5 billion fish between 1970-1981 year-class, the number consumed became 15\ 
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of the population number and mortality coefficient by predation was 0.16. The 
average mortality coefficient of age 3 pollock of eastern shelf and basin 
stocks is 0.66 and the total mortality is 10.4 billion fish. Therefore, the 
number consumed by Pacific cod accounts for at least 31\ of the total 
mortality. Pacific cod is considered to be an important predator for age 3 
pollock. 

(6) Role of Pacific Cod in Ecosystem 

Age 3 pollock is important not only as a predator of zooplankton, 
but also as a predator of age 0-1 pollack. Since Pacific cod has an important 
role as a predator, they affect mortality of age 0-1 pollack by predation. 
The trophic level of Pacific cod is from phytoplankton, zooplankton, age 0 
pollock, age 3 pollack to Pacific cod. Pacific cod is the forth consumer and 
their trophic level is as high as Dall's porpoise, northern fur seal and 
Steller sea lion. Therefore, Pacific cod should be a competitor of marine 
mammals as well as key predator of age 3 pollock. 

In order to estimate more accurately the consumption of pollock by 
Pacific cod population in the entire Bering Sea, it is necessary in the future 
to analyze stomach contents of Pacific cod from the entire Bering Sea, to 
determine composition of stomach contents by year, to estimate more precisely 
daily ration of Pacific cod, to estimate more precisely biomass of Pacific cod 
in the entire Bering Sea, and to add the amount consumed by age 0-1 Pacific 
cod. 

Reference, Tables 1 to 11 and Figs. 1 to 7 are 
in English in the Japanese document. 
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