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Size Relationship between Predator and Prey in
cannibalism of Walleye Pollock in the Bastern Bering sea.
Kei-ichi Mito
National Research Institute of Far . Seas Fisheries
ABSTRACT

Cannibalism of pollock is common in the eastern Bering Sea, and
recognized as a important factor in stock fluctuation. In order to estimate
the mortality rate by cannibalism by age, it is necessary to know the size
relationship between predator and prey. We here report the size composition
of pollock as prey in cannibalism using stomach contents data of pollock
sampled during 1972 to 1975. Fish of 2 to 7cm in fork length were preyed upon
by fish of 23 to 51cm, 8 to 13cm fish by 27 to 56cm fish, 15 to 21cm fish by
33 to 75cm fish, 22 to 26cm fish by 49 to 70cm fish and 27 to 30cm fish by 60
to 71cm fish. The tendency for larger pollock to be preyed upon by much
larger pollock was observed. The body length of prey varied from 5 to 53% of
the predator, and showed pollock could prey on wide range of pollock size.
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1.

Introduction

Cannibalism of pollock is commonly observed in the eastern Bering
sea, and is a large mortality factor of juvenile pollock (Dwyer et al. 1987,
Mito 1990a). It is important to obtain the size relationship between predator
and prey to estitnate the mortality rate by cannibalism by age.
U.S. scientists indicated that most prey of cannibalism were fish of
age Oto 1 (Dwyer et al. 1987, Livingston 1989). However, Mito (1990a)
reported that the prey of age 2 to 3 were also substantial and cannibalism was
a large mortality factor for these ages. Based on the data of pollock sampled
during 1972 to 1975, the size relationship between predator and prey is shown
here as a basic data for estimating mortality rate by cannibalism by age.
2.

Materials and Methods

Samples were pollock caught by three North Pacific trawlers which
were Kouyou maru No 3, Ootori maru, and Haruna maru during 1972 to 1975.
About thirty to . one hundred pollock were sampled randomly at each of 175
operations and fork lengths were measured. The total number of pollock
measured was 15,553. Stomachs were sampled to have as wide range of fork
length composition as possible. After body length and weight were recorded,
stomachs were preserved in formalin. The number of stomach contents analyzed
was 3,779. Contents were sorted by species and the weight of each species
determined. Pollock in stomachs were counted and, if possible, the fork
length measured. Even if measurement of the fork length was impossible, when
head length or otolith length could be measured, the measurements were made
and these lengths converted to the fork lengths according to the following
equations:
FL= 4.25 HL - 2.6
FL=26.75 OL -45.8

Where,

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

Fork length of preys was determined by season and compared with the
fork length of predators.
3.

Results and Discussion

Fig. 1 shows sampling location of pollock stomachs. The locations
were distributed along the edge of the continental shelf of the eastern Bering
Sea in depths of 130 to 330m. These areas were main fishing grounds for the
Japanese North Pacific trawlers. Fishing grounds were divided into two and
the area east of 170°W was named southern area and the area west of 170°W was
named northern area.
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Fig. 2 shows fork length compositions of pollock sampled by season
and area. In winter, the modes were observed at 30 to 31cm in the southern
area and at 21 to 22cm and 28 to 29cm in the northern area. In spring, the
modes were 31 to 32cm in the southern area and 21 to 22cm and 30 to 31cm in
the northern area. In summer, the modes were 28 to 29cm and 35 to 36cm in the
southern area and 31 to 32cm and 43 to 44cm in the northern area. In autumn,
the modes were 27 to 28cm and 34 to 35cm in the s~uthern area. Provided that
age was added on January 1, pollock of mode 21 to 22cm during winter to spring
and pollock of mode 27 to 32cm during summer to autumn were age 2. Pollock of
mode 28 to 32cm during winter to spring and pollock of mode 34 to 36cm during
summer to autumn were age 3. These indicate that these areas were the habitat
of pollock of age 2 to 3.
Five hundred and fifty five pollock were preyed upon by 277 pollock.
Of these preys, 162 fork lengths, 1 head length, and 1 otolith length were
measured and the fork lengths of 164 preys obtained.
Fig. 3 shows relationship between predator length and prey length in
cannibalism of pollock by season. According to the modes obtained in the size
composition, the range of predator's fork length by age was determined. In
winter, pollock of 10 to 14cm in fork length (age l) were preyed upon by
pollock of 27 to 57cm, and pollock of 19 to 24cm (age 2) by pollock of 49 to
64cm. In spring, pollock of 10 to 13cm (age 1) were preyed upon by pollock of
43 to 45cm and 72cm, pollock of 16 to 24cm (age 2) by pollock of 33 to 75cm,
and pollock of 28 to 30cm (age 3) by pollock of 60 to 71cm. In summer,
pollock of 2 to 7cm (age 0) were preyed upon by pollock of 23 to 51cm, pollock
of 12 to 18cm (age 1) by pollock of 48 to 52cm, pollock of 22 to 27cm (age 2)
by pollock of 49 to 70cm. In autumn, pollock of 7 to 13cm (age 0) were preyed
upon by pollock of 27 to 35cm and 45 to 56cm, pollock of 22 to 26cm (age 2) by
pollock of 56 to 59cm. In all seasons, pollock of 2 to 7cm were preyed upon
by pollock of 23 to 51cm, pollock of 8 to 13cm by pollock of mainly 27 to
56cm, pollock of 15 to 21cm by pollock of mainly 47 to 75cm, pollock of 22 to
26cm by pollock of mainly 49 to 60cm, and pollock of 27 to 30cm by pollock of
60 to 71cm. These show clearly that larger fish were preyed upon by much
larger fish.
Fig. 4 shows the relationship between length of predator and
relative length of prey in cannibalism of pollock by season. In winter,
pollock fed on pollock which were 20 to 45\ of the predator's length. In
spring, pollock fed on pollock having 15 to 53\ of their length. In summer,
pollock fed on pollock having 5 to 49\ of their length. In autumn, pollock
fed on pollock having 15 to 47% of their length. Relatively smaller pollock
were prey during winter to spring. In all seasons, pollock fed on pollock
having 5 to 53\ of their length demonstrating that pollock could feed on the
wide range of pollock in length. By fork length of predator, pollock of 23 to
42cm in fork length fed on pollock which were mainly 10 to 301 of predator's
length. Pollock of 47 to 57cm fed on pollock which were 5 to 50\ of their
length, showing a wide range of prey length. Pollock of 57 to 70cm fed on
pollock having 30 to 50\ of their l~ngth. During summer to autumn small fish
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were preyed .upon. It was recognized that pollock of age O moved to the bottom
layer of the areas which were the habitat of age 2 to 3 pollock and were
preyed upon by pollock of wide range of length- (27 to 55cm) lived· in the
areas.
Fig. 5 shows sizes of prey in cannibalism of pollock by predator
size. Pollock of 20 to 30cm in fork length fed o~ pollock of mainly 4 to 8cm.
Pollock of 30 to 40cm fed on pollock of mainly 4 to 10cm. Pollock of 40 to
50cm fed.on pollock of mainly 8 to 14cm, and pollock over 50cm fed on pollock
of mainly 8 to 24cm. In size c~mpositio~ of all prey, modes of fork length
were observed at 4 to 6cm, 8 to 12cm, 18 to 20cm, and 22 to 24cm. Each mode
corresponds to age O in summer, age O in autumn and age 1 in winter, age 2 in
winter, and age 2 in spring to autumn.
In this document, according to the relationship between age and fork
length range in each season, pollock of 17 to 26cm during winter to spring, 23
to 32cm during s~er_. to autumn, and 24 to 36cm during winter to spring were
assigned to age 2, . ~, and 3, respectively. The duplications in the fork
length were caused by the difference of area sampled. There were 4 pollock of
age 3 in spring, and 18 pollock of age 2 during winter to spring, and 6
pollock of age 2 during summer to autumn.
In order to estimate the weight of prey in . cannibalism, it is
necessary to obtain the percentage of each prey age in weight by predator
length, by area, and by season. Mito (1990b) has already compiled that, and
reported that pollock of age 2 were a high percentage of the stomach contents
of pollock over 50cm and pollock of age 3 also were a high percentage of them
in spring season. Mito (1990a) indicated that the mortality coefficient of
polloc~
..,,._ age 3 by cannibalism was high •
Dwyer et al. (1987) reported that the standard body length of
pollock prey in cannibalism ranged from 20 to 330mm and age O fish of 60 -to
100mm and age 1 fish of. 130 to 240mm dominated. Livingston ( 1989) also
indicated that pollock prey were mainly pollock of 120mm or under in standard
body length. Fork length used in this document is 107 to 109% of the .standard
body length. In addition, as we added one year on their age on January 1, age
used in ·this document is one year older than that used by U.S. scientists in
winter and spring. Therefore, pollock of 160 to 230mm in standard body length
in winter reported by Dwyer et al. (1987) are age 2 pollock in this document.
For pollock of age 3 prey, if we convert the ages used by u.s. scientists to
ages used in this document, of 762 individuals reported by Dwyer et al.
(1987), only 2 fish were age 3 and there were no age 3 fish in 2,519
individuals reported by Livingston (1989). These discrepancies might be
caused by difference in area sampled. Namely, the sampling areas in this
document were the habitat of age 2 and 3 pollock. However, we simply compared
the size composition of prey which could be measured. Comparison between the
percentages of each prey age in weight by predator length should be made.
However, since U.S. scientists did not sho~ data by age, the comparison could
not be made.
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In this document, age 3 pollock during winter to spring were set
between 24 to 36cm in fork length. According to the length relationship
between predator and prey, it was shown th~t pollock over 50cm could feed on
the age 3 pollock. In fact, age 3 pollock were preyed by pollock of 60 to
71cm in fork length in spring. However, we could not determine the cause of
the .discrepancy between Japanese and U.S. results because the sampling areas
were limited and the numbers of prey measured were small.
It is necessary to collect more data by area, by season, and by
length in order to obtain more accurate age composition of prey. Further, it
is also _necessary to calculate weight of prey per year by summing data, i.e.
the number of predator population by area, by season, and by body length,
daily ration, and percentage of pollock in food of predator.

Reference and Figs. 1 to 5 are in English in the
Jap~n~se documents.
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