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ABSTRACT

Catch-per-unit-effort(CPUE: number of fish caught by 30 tan gillnets), fork
length (FL) and gonad somatic index (GSI) of the Pacific salmon caught by research
gillnets in the western North Pacific (WNP), Bering Sea (BS), and eastern North Pacific
(ENP) in July from 1972 to 1998 were compared. CPUE of sockeye and chum salmon
(less than 100 fish per 30 tans) was higher in BS and ENP than in WNP, especially the
CPUE in BS was high in the late 1970s to early 1980s and in 1990s. Pink salmon
CPUE (less than 500 fish per 30 tans) increased in BS in odd years after 1989, although
it was stable in WNP and ENP. Coho salmon were abundant in WNP and ENP, and
chinook salmon were abundant in BS, but their CPUEs were less than 50 fish per 30
tans. FL of sockeye salmon decreased in BS, but increased in WNP and ENP. For
chum salmon, FL of ocean age 1 fish increased, but those of older age groups decreased
in WNP and BS. FL of pink salmon decreased both in odd and even year in BS, but not
in WNP and ENP. FL of coho salmon decreased in WNP, but increased in ENP. GSI
of sockeye salmon was very variable and there was not a specific trend. GSI of chum
salmon showed a decreasing trend in recent years in BS. GSI of pink salmon was low in
odd years and high in even years in BS. These results indicate that the abundance and
biological characters of Pacific salmon changed differently in three waters of the North
Pacific Ocean.

INTRODUCTION

Five species of Pacific salmon (sockeye salmon, Oncorhynchus nerka; chum
salmon, O. keta; pink salmon, O. gorbuscha; coho salmon, O. kisutch; and chinook
salmon O. tshawytscha) are widely distributed in the North Pacific Ocean and its
adjacent seas (French et al. 1976; Neave et al. 1976; Takagi et al. 1981; Godfrey et al.
1975; Major et al. 1978). Abundance of Pacific salmon increased rapidly after the mid-
1970s due to successful fishery management, advance in enhancement activities, and
preferable ocean conditions (Beamish and Bouillion 1993; Pearcy 1992). However, the
biological characters such as body size and age at maturity changed for some salmon
species and stocks (Ishida et al. 1993; Bigler et al. 1996). This study examined the
abundance and biological characters of Pacific salmon (Oncorhynchus spp.) in three
different waters in the North Pacific Ocean using the data collected by Japanese salmon
research vessels from 1972 to 1998.



MATERIALS AND METHODS

Historical data collected by Japanese salmon surveys in the North Pacific Ocean
from 1972 to 1998 were analyzed in this study. Three major survey waters were used in

this study as follows: the western North Pacific (WNP: 30° -52° N, 150°-175" W), the
Bering Sea (BS: 55° -59° E, 175° E-175° W), and the eastern North Pacific (ENP: 175° W

-140° W).  Catch per unit effort (CPUE) was defined as mean numbers of fish caught

by 30 tans of non-selective gillnets (Takagi 1975) and it was calculated by 2 degree
latitude by 5 degree longitude areas and averaged by each survey water. Mean fork
lengths (FL) were also calculated by survey waters based on the data collected by non-
selective gillnets. Maturity was determined from gonad weights (Takagi 1961; Ito et al.
1974). Gonad somatic index (GSI) including maturing and immature fish for female
was calculated by gonad weight divided by body weight.

RESULTS AND DISCUSSION

Abundance

CPUE of sockeye and chum salmon (less than 100 fish per 30 tans) was higher
in BS and ENP than in WNP, especially the CPUE in BS was high in the late 1970s to
early 1980s and in 1990s (Fig. 1 and Fig. 2). Immature fish were predominant for both
sockeye and chum salmon in BS. CPUE of immature chum salmon in BS was lower in
odd years and higher in even years. This odd-even year change in chum salmon CPUE
may be related to pink salmon (Azumaya and Ishida 1999). Pink salmon CPUE (less
than 500 fish per 30 tans) increased in BS in odd years after 1989, although it was stable
in other waters (Fig. 3). The sharp increase of pink salmon CPUE in odd years in BS
affected the biomass of phytoplankton and macrozooplankton in the subarctic North
Pacific (Shiomoto et al. 1997). Coho salmon were abundant in WNP and ENP, and
chinook salmon were abundant in BS, but their CPUEs were less than 50 fish per 30
tans (Fig. 4 and Fig. 5).

Fork Length

FL of sockeye salmon decreased in BS, but increased in WNP and ENP (Fig. 6).
For chum salmon, FL of ocean age 1 fish increased, but those of older age groups
decreased in WNP and BS (Fig. 7). Especially, the decreasing trend was stronger in BS
than in WNP. FL of pink salmon decreased both in odd and even year in BS, but not in
other waters (Fig. 8). FL of coho salmon decreased in WNP, but increased in ENP (Fig.
9). For chum and pink salmon, the decreasing trends in FL may be partly due to density
dependent effect especially in BS (Ishida et al. 1993; Azumaya and Ishida 1999).

Gonad Somatic Index

GSI of sockeye salmon was very variable and there was not a specific trend (Fig.
10). GSI of chum salmon showed a decreasing trend in recent years in BS (Fig. 11).
For chum salmon in BS, FL also decreased in recent years. This means that not only
GSI (percentage of gonad weight to body weight) but also gonad weight itself decreased
in recent years. GSI of pink salmon was low in odd years and high in even years in BS
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(Fig. 12). Reduction in body size may result in reduced reproductive success (Helle
1989; Forbes and Peterman 1994). These results indicate that the abundance and
biological characters of Pacific salmon changed differently in three waters of the North
Pacific Ocean.
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Fig. 1. Changes in CPUE (number of fish caught by 30 tan research gillnets) of sockeye
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Fig. 2. Changes in CPUE (number of fish caught by 30 tan research gillnets) of chum
salmon in the western North Pacific (WNP), Bering Sea (BS), and eastern North Pacific
(ENP) in July from 1972 t0 1998. -:Total, -:maturing, ...:immature
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Fig. 3. Changes in CPUE (number of fish caught by 30 tan research gillnets) of pink
salmon in the western North Pacific (WNP), Bering Sea (BS), and eastern North Pacific
(ENP) in July from 1972 to 1998.
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Fig. 4. Changes in CPUE (number of fish caught by 30 tan research gillnets) of coho

salmon in the western North Pacific (WNP), Bering Sea (BS), and eastern North Pacific
(ENP) in July from 1972 to 1998.
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Fig. 5. Changes in CPUE (number of fish caught by 30 tan research gillnets) of chinook
salmon in the western North Pacific (WNP), Bering Sea (BS), and eastern North Pacific
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Fig. 6. Changes in fork length of sockeye salmon in the western North Pacific (WNP),
Bering Sea (BS), and eastern North Pacific (ENP) in July from 1972 to 1998.
Ocean age .1t0 .3



Chum

WNP
700 —
600 — -7 \If\ T T — o
,A‘./\‘ - e P~ \’—\Jﬁ
500 N S —
T e
I TN V_‘vh/.\t
400
N\ N e e
00 | 7~ N——" N7
200 T

Fork Length (mm)
8

ENP
700 —
= \\\/tz
. - A A v
- B —
=0 M Y,
400 — —_— N ,/\
o /
200 T T T T

Fig. 7. Changes in fork length of chum salmon in the western North Pacific (WNP),
Bering Sea (BS), and eastern North Pacific (ENP) in July from 1972 to 1998.
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Fig. 9. Changes in fork length of coho salmon in the western North Pacific (WNP),
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Fig. 10. Changes in gonad somatic index of sockeye salmon in the western North

Pacific (WNP), Bering Sea (BS), and eastern North Pacific (ENP) in July from 1972 to

1998.
Ocean age .1 to .3.
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Fig. 11. Changes in gonad somatic index of chum salmon in the western North Pacific
(WNP), Bering Sea (BS), and eastern North Pacific (ENP) in July from 1972 to 1998.

Ocean age .1 t0 .4.
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Fig. 12. Changes in gonad somatic index of pink salmon in the western North Pacific
(WNP), Bering Sea (BS), and eastern North Pacific (ENP) in July from 1972 to 1998.
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