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Status of hatchery production of chum salmon populations in Japan

Masaya TAKAHASHI *'*?

49

Abstract: This review paper compared trends of artificial enhancement activities (timing of
spawning operations, effective population size, timing of fry releases and body size of released
fry) among seven regional populations of chum salmon (Okhotsk, Hokkaido Sea of Japan,
Nemuro, East Hokkaido Pacific, West Hokkaido Pacific, Honshu Pacific, and Honshu Sea of
Japan) in northern Japan. Seasonal changes of coastal sea surface temperature (SST) in each
region were also compared. In 2010, a total of 246 chum salmon hatcheries was operated in
northern Japan, and the mean number of fry releases per facility was 7,527 thousand fish.
Relatively small hatcheries were abundant in the west Hokkaido Pacific and Honshu Sea of
Japan regions. The timing of taking eggs peaked in late October for the Okhotsk and east
Hokkaido Pacific populations, and late November for the Honshu Pacific population. The recent
effective population size (Ve) exceeded 10,000 adults/year in five river populations (Tokushibetsu,
Ishikari, Nishibetsu, Tokachi, and Yurappu) representing each regional population in Hokkaido.
Patterns of coastal SST changes during juvenile salmon migration varied among regions: SST
increased faster in the Sea of Japan regions than in the Pacific regions. The peak of {ry releases
was almost stable in late March for the Honshu Sea of Japan population, and in late May for
the Okhotsk population, but it fluctuated in other regional populations. The mean body size of
released fry increased in three regional populations (Okhotsk, Hokkaido Sea of Japan, and East
Hokkaido Pacific), but did not change in other regional populations since 1990s. Future issues
to maintain Japanese chum salmon populations are: 1) well understanding the features of each
regional population, 2) conserving the diversity of each population, and 3) identifying the best
timing of fry releases and their body size in each population to maximize their survival in the
ocean.

Key words: artificial enhancement, egg reservation, coastal sea surface temperature, chum
salmon, fry release, body size
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Fig. 1. Map showing boundaries of seven regions in northern Japan, and
locationsof stations where the coastal seawater surface temperature (SST)

was recorded (closed circles).
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Table 1. Regional features of chum salmon propagation in Japan in 2010.

) Number of salmon fry released
Number of rivers Number of Number of (in thousand)
Reoi where adult hatcher rivers where
cgions salmon were ¢ Ae " Salmon fry were Meanper  Mean per
caught (A) released (B) Total (C) hatchery river

(C/A) (C/B)

Okhosk Sea 17 21 23 232,159 11,055 10,094

Hokkaido Sea of Japan 18 20 38 188,605 9,430 4,963

Nemuro 12 17 19 197,622 11,625 10,401

East Hokkaido Pacific 10 17 19 213,583 12,564 11,241

West Hokkaido Pacific 33 33 43 206,241 6,250 4,796

Honshu Pacific 63 79 60 654,796 8,289 10,913

Honshu Sea of Japan 47 59 50 158,652 2,689 3,173

Total 200 246 252 1,851,658 7,527 7,348
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Fig. 2. Locations of hatcheries and rivers where chum salmon fry were released in the Okhotsk
region. Opened circles show the hatcheries of FRA (Fisheries Research Agency), and closed circles

show the hatcheries of other organizations.
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Fig. 3. Locations of hatcheries and rivers where chum salmon fry were released in the Hokkaido
Sea of Japan region. Opened circles show the hatcheries of FRA (Fisheries Research Agency),
closed triangle show the hatcheries of HRO (Hokkaido Research Organization), and closed circles

show the hatcheries of other organizations.
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Fig. 4. Locations of hatcheries and rivers where chum salmon fry were released in the
Nemuro region. Opened circles show the hatcheries of FRA (Fisheries Research Agency),
and closed circles show the hatcheries of other organizations.
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Fig. 5. Locations of hatcheries and rivers where chum salmon fry were released in the
East Hokkaido Pacific region. Opened circles show the hatcheries of FRA (Fisheries
Research Agency), and closed circles show the hatcheries of other organizations.
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Fig. 6. Locations of hatcheries and rivers where chum salmon fry were released in the
West Hokkaido Pacific region. Opened circles show the hatcheries of FRA (Fisheries
Research Agency), and closed circles show the hatcheries of other organizations.
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Fig. 7a. Locations of hatcheries (closed circles) and rivers where chum salmon fry were released in

Aomori Prefecture area of the Honshu Pacific region.
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Fig. 7b. Locations of hatcheries and rivers where chum salmon fry were released in Iwate

Prefecture area of Honshu Pacific region. Closed triangle shows the prefectural hatchery,

and closed circles show the hatcheries of other organizations.
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Fig. 7c. Locations of hatcheries (closed circles) and rivers where chum salmon fry were
released in Miyagi Prefecture area of Honshu Pacific region.
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{Abukuma R.}

Fig. 7d. Locations of hatcheries (closed circles) and rivers where chum salmon
fry were released in Fukushima Prefecture area of Honshu Pacific region.

Kuji R.

Tone R.
—

Fig. 7e. Locations of hatcheries (closed circles) and rivers where chum salmon
fry were released in Ibaraki Prefecture area of Honshu Pacific region.
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Fig. 8a. Locations of hatcheries (closed circles) and rivers where
chum salmon fry were released in Aomori Prefecture area of
Honshu Sea of Japan region.
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Fig. 8b. Locations of hatcheries (closed circles) and rivers where
chum salmon fry were released in Akita Prefecture area of Honshu
Sea of Japan region.
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Fig. 8c. Locations of hatcheries (closed circles) and rivers where
chum salmon fry were released in Yamagata Prefecture area of
Honshu Sea of Japan region.

Ohkawa R,
Gatsugi R.

Miomote R.

AraR.
Tainai R,

Kaji R
Tsubaki R.
AganoR,

Shinano R.// \

TanneR,

NadachiR.
o Kuwadori R.

NouR.
Hayakawa R.
Umi R,

Hime R,

shesion oumi R

Fig. 8d. Locations of hatcheries (closed circles) and rivers where
chum salmon fry were released in Niigata Prefecture area of Honshu
Sea of Japan region.
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Fig. 8e. Locations of hatcheries (closed circles) and
rivers where chum salmon fry were released in
Toyama Prefecture area of Honshu Sea of Japan region.

Fig. 8f. Locations of hatcheries and rivers where chum salmon
fry were released in Ishikawa Prefecture area of Honshu Sea of
Japan region. Closed triangle shows the prefectural hatchery.
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Region : Okhotsk
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Fig. 9. Long-term changes in the timing of artificial
fertilization of chum salmon eggs in the Okhotsk
region. The histograms indicate the frequent
distributions of the average number of fertilized
chum salmon eggs for the early (E), middle (M) and
late (L) of each month in the second half of 1980s
(1989-1990), the first half of 1990s (1991-1995), the
second half of 1990s (1996-2000), the first half of 2000s
(2001-2005), and the second half of 2000s (2006-2010).

Region : Hokkaido Sea of Japan
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Fig. 10. Longterm changes in the timing of artificial

" fertilization of chum salmon eggs in the Hokkaido Sea

of Japan region. The histograms indicate the frequent
distributions of the average number of fertilized chum
salmon eggs for the early (E), middle (M) and late (L) of
each month in the second half of 1980s (1989-1990), the
first half of 1990s (1991-1995), the second half of 1990s
(1996-2000), the first half of 2000s (2001-2005), and the
second half of 2000s (2006-2010).
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Region : Nemuro
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Fig. 11. Long-term changes in the timing of artificial
fertilization of chum salmon eggs in the Nemuro
region. The histograms indicate the frequent
distributions of the average number of fertilized
chum salmon eggs for the early (E), middle (M) and
late (L) of each month in the second half of 1980s
(1989-1990), the first half of 1990s (1991-1995), the
second half of 1990s (1996-2000), the first half of 2000s
(2001-2005), and the second half of 2000s (2006-2010).

Region : East Hokkaido Pacific
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Fig. 12. Long-term changes in the timing of artificial
fertilization of chum salmon eggs in the East Hokkaido
Pacific region. The histograms indicate the frequent
distributions of the average number of fertilized chum
salmon eggs for the early (E), middle (M) and late (L)
of each month in the second half of 1980s (1989-1990),
the first half of 1990s (1991-1995), the second half of
1990s (1996-2000), the first half of 2000s (2001-2005),
and the second half of 2000s (2006-2010).
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Region : West Hokkaido Pacific
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Fig. 13. Long-term changes in the timing of artificial
fertilization of chum salmon eggs in the West
Hokkaido Pacific region. The histograms indicate
the frequent distributions of the average number of
fertilized chum salmon eggs for the early (E), middle
(M) and late (L) of each month in the second half of
1980s (1989-1990), the first half of 1990s (1991-1995), the
second half of 1990s (1996-2000), the first half of 2000s
(2001-2005), and the second half of 2000s (2006-2010).

Region : Honshu Pacific
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Fig. 14. Long-term changes in the timing of artificial
fertilization of chum salmon eggs in the Honshu
Pacific region. The histograms indicate the frequent
distributions of the average number of fertilized
chum salmon eggs for the early (E), middle (M) and
late (L) of each month in the second half of 1980s
(1989-1990), the first half of 1990s (1991-1995), the
second half of 1990s (1996-2000), the first half of 2000s
(2001-2005), and the second half of 2000s (2006-2010).
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Region : Honshu Sea of Japan
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Fig. 15. Long-term changes in the timing of artificial
fertilization of chum salmon eggs in the Honshu Sea
of Japan region. The histograms indicate the frequent
distributions of the average number of fertilized chum
salmon eggs for the early (E), middle (M) and late (L) of
each month in the second half of 1980s (1989-1990), the
first half of 1990s (1991-1995), the second half of 1990s
(1996-2000), the first half of 2000s (2001-2005), and the
second half of 2000s (2006-2010).
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Fig. 16. Annual changes in the effective population size (Ne) of adult chum salmon amongthe five regional
populationsin Hokkaido. Bars show the range (maximum and minimum)of Ne in river populations except for a
presentative river population (open circles) in each regional population.
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Fig. 17. Daily changes of mean coastal sea surface temperature (SST) in five regions of Hokkaido between March and

July in 1995-2010. Refer to Fig. 1 for SST observing locations.
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Fig. 18. Daily changes of mean coastal sea surface temperature (SST) in two regions of northern Honshu between February
and July. The observed years were 1994-2010 at Shikkari, 19952010 at Noda and Hirota bays, 2009-2010 at Nakaminato,

1989-2010 at Ajigasawa, 2000-2010 at Oga, 2001-2008 at Kamo Bay, and 1998-2010 at Himi. Refer to Fig. 1 for SST observing
locations.

Table 2. Estimated average date (month/day) when sea surface temperature (SST) increased over 5, 8, 10,
and 13°C at seven regions of northern Japan.

Average month/day (+SD) when SST increased over

Regions
3 8°C 10 °C 13°C

Okhotsk 5/7(*11.6) 525(10.7) 6/7(7.9) 6/27 (£6.2)
Hokkaido Sea of Japan 4/7 (£8.3) 4/30 (£9.5) 5/15 (£7.6) 6/5 (£6.6)
Nemuro 520 (*12.9) 6/10 (+8.6)  6/24 (+7.8) 7/15 (+£8.9)
East Hokkaido Pacific 5120 (£7.6) 6/14 (£8.6) 7/2 (£9.3) 8/6 (+18.6)
West Hokkaido Pacific 5/1 (£11.2) 5124 (£9.8) 6/6 (£9.3) 6/27 (£9.5)
Honshu Pacific 327 (£6.5) 422 (x11.5) 5/12(*13.9)  6/9 (£10.9)

Honshu Sea of Japan - 323 (@9.5)  4/8(*119) 52 &7.5)
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Region : Okhotsk
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Fig. 19. Long-term changes in the timing of hatchery
releases of chum salmon fry in the Okhotsk region.
The histograms indicate the frequent distribution
of number of released fish for early (E), middle (M)
and late (L) of each month in the second half of 1980s
(1989-1990), the first half of 1990s (1991-1995), the
second half of 1990s (1996-2000), the first half of 2000s
(2001-2005), and the second half of 2000s (2006-2009).

Region : Hokkaido Sea of Japan
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Fig. 20. Long-term changes in the timing of hatchery
releases of chum salmon fry in the Hokkaido Sea of
Japan region. The histograms indicate the frequent
distribution of number of released fish for early (E),
middle (M) and late (L) of each month in the second half
of 1980s (1989-1990), the first half of 1990s (1991-1995), the
second half of 1990s (1996-2000), the first half of 2000s
(2001-2005), and the second half of 2000s (2006-2009).
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Region : Nemuro
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Fig. 21. Long-term changes in the timing of hatchery
releases of chum salmon fry in the Nemuro region.
The histograms indicate the frequent distribution
of number of released fish for early (E), middle (M)
and late (L) of each month in the second half of 1980s
(1989-1990), the first half of 1990s (1991-1995), the
second half of 1990s (1996-2000), the first half of 2000s
(2001-2005), and the second half of 2000s (2006-2009).

Region : East Hokkaido Pacific
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Fig. 22. Long-term changes in the timing of hatchery
releases of chum salmon fry in the East Hokkaido Pacific
region. The histograms indicate the frequent distribution
of number of released fish for early (E), middle (M) and
late (L) of each month in the second half of 1980s (1989-
1990), the first half of 1990s (1991-1995), the second half of
1990s (1996-2000), the first half of 2000s (2001-2005), and
the second half of 2000s (2006-2009).
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Region : West Hokkaido Pacific
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Fig. 23. Long-term Changes in the timing of hatchery
releases of chum salmon fry in the West Hokkaido
Pacific region. The histograms indicate the frequent
distribution of number of released fish for early (E),
middle (M) and late (L) of each month in the second half
of 1980s (1989-1990), the first half of 1990s (1991-1995), the
second half of 1990s (1996-2000), the first half of 2000s
(2001-2005), and the second half of 2000s (2006-2009).

Region : Honshu Pacific
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Fig. 24. Long-term changes in the timing of hatchery
releases of chum salmonfry in the Honshu Pacific
region.The histograms indicate the frequent
distribution of number of released fish for early (E),
middle (M) and late (L) of each monthin the first half
of 1990s (1994-1995), the second half of 1990s (1996-
2000), the first half of 2000s (2001-2005), and the
second half of 2000s (2006-2008).
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Region :Honshu Sea of Japan
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Fig. 25. Long-term changes in the timing of hatchery
releases of chum salmon fry in the Honshu Sea of
Japan region. The histograms indicate the frequent
distribution of number of released fish for early (E),
middle (M) and late (L) of each monthin the first half
of 1990s (1994-1995), the second half of 1990s (1996-
2000), the first half of 2000s (2001-2005), and the
second half of 2000s (2006-2008).
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Appendix 1. Estimated average date (month/day) when the sea surface temperature (SST)
increased over 5, 8, 10, and 13°C at three coastal stationsin the Okhotsk region. Refer to
Fig. 1 for SST observing stations.

Average date (=SD) when SST increased over

Stations
5°C 8°C 10°C 13°C
Esashi 4/27 (£5.3) 5/19 (£9.1) 6/3 (£6.8) 6/24 (+4.0)
Tokoro 5/7 (£5.2) 5/25 (£3.3) 6/5 (£2.2) 6/23 (£1.9)
Shari 519 (6.7) 6/2 (£9.2) 6/13 (£6.7) 7/1 (£6.5)
Mean 5/7 (x£11.6) 5/25 (£10.7) 6/7 (£1.9) 6/27 (£6.2)

Appendix 2. Estimated average date (month/day) when the sea surface temperature (SST)
increased over 5, 8 10, and 13°C at three coastalstations in the Hokkaido Sea of Japan
region. Refer to Fig. 1 for SST observing stations.

Average date (+SD) when SST increased over

Stations
5°C 8°C 10 °C 13°C
Enbetsu 4/10 (£7.9) 5/4 (£6.1) 5/18 (£5.6) 6/7 (£5.0)
Atsuta 4/4 (£7.4) 5/2 (£7.0) 5/16 (£6.9) ©6/6 (£6.2)
Setana - 4/15 (£6.6) 5/5 (£5.1) 5/31 (x8.7)
Mean 4/7 (£8.3) 4/30 (£9.5) 5/15 (£7.6) 6/5 (£6.6)

Appendix 3. Estimated average date (month/day) when the sea surface temperature (SST)
increased over 5, 8, 10, and 13°C at four coastal stations in the Nemuro region. Refer to
Fig. 1 for SST observing stations.

Average date (+SD) when SST increased over

Stations
5°C 8°C 10 °C 13°C
Rausu 5/30 (£7.6) 6/17 (6.8) 6/29 (+6.6) 717 (£7.1)
Shibetsu 5/25 (£6.6) 6/13 (£5.3) 6/25 (+5.8) 7/14 (£7.8)
Betsukai 5/4 (+8.1) 5/31 (£5.9) 6/16 (£6.6) 7/10 (+8.4)
Habomai 5/12 (£10.1) 6/6 (£6.3) 6/24 (+7.2) 7/18 (£10.7)

Mean 5/20 (£12.9) 6/10 (+8.6) 6/24 (£7.8) 7/15 (+8.9)
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Appendix 4. Estimated average date (month/day) when the sea surface temperature (SST)
increased over 5, 8, 10, and 13°C at two coastal stations in the East Hokkaido Pacific
region. Refer to Fig. 1 for SST observing stations.

Average date (+SD) when SST increased over

Stations
5°C 8°C 10°C 13°C
Konbumori 5/20 (£8.5) 6/17 (+4.9) 7/6 (+£8.0) 8/13 (£16.8)
Hiroo 5120 (+4.5) 6/7 (£10.9) 6/24 (£5.4) 7/19 (£5.4)
Mean 5/20 (£7.6) 6/14 (£8.6) 7/2 (£9.3) 8/6 (£18.6)

Appendix 5. Estimated average date (month/day) when the sea surface temperature (SST)
increased over 5, 8, 10, and 13°C at three stations in the West Hokkaido Pacific region.
Refer to Fig. 1 for SST observing stations.

Average date (+SD) when SST increased over

Stations
5°C 8°C 10°C 13°C
Shizunai 5/10 (£6.5) 6/1 (+6.8) 6/13 (£7.1) 7/3 (£8.0)
- Shiraoi 4/29 (+6.4) 5/21 (£6.8) 6/3 (£6.4) 6/23 (4.9)
Yakumo 4/20 (+8.1) 5/15 (£7.2) 5/30 (£7.5) 6/22 (£9.9)
Mean 5/1 (%11.2) 5/24 (£9.8) 6/6 (+9.3) 6/27 (£9.5)

Appendix 6. Estimated average date (month/day) when the sea surface temperature (SST)
increased over 5, 8, 10, and 13°C at four coastal stations in the Honshu Pacific region. Refer to
Fig. 1 for SST observing stations.

Average date (+SD) when SST increased over

Station
5°C 8°C 10°C 13°C
Shikkari - 4/16 (£10.3) 5/11 (£7.3) 6/8 (+£6.2)
Noda Bay 3727 (£6.5) 4/26 (£10.6) 5/17 (+8.4) 6/ 12 (x7.4)
Hirota Bay - 4/25 (x11.2) 5/15 (£11.8) 6/12 (+8.8)
Nakaminato - - 3/27 (#17.5) 5/4 (£11.0)

Total 3/27 (£6.5) 4122 (£11.5) 5/12 (£13.9) 6/9 (£10.9)
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Appendix 7. Estimated average date (month/day) when the sea surface temperature (SST)
increased over 5, 8, 10, and 13°C at four coastal stations in the Honshu Sea of Japan region.
Refer to Fig. 1 for SST observing stations.

Average date (xSD) when SST increased over

Station
5°C 8°C 10°C 13°C
Ajigasawa - 3/26 (£7.5) 4/15 (£5.6) 5/8 (£3.9)
Oga - 3/23 (£7.1) 4/12 (+4.4) 5/4 (£3.3)
Kamo Bay - 3/12 (£9.5) 4/4 (£5.2) 4/27 (+4.2)
Himi - - 3/17 (+8.8) 4/23 (+4.3)

Mean - 3/23 (£9.5) 4/8 (+11.9) 52 (£7.5)
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