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On the Spawning and Migration of Yellowtail Seriola quinqueradiata

and Research Required to Allow Catch Forecasting

Toshihiro YAMAMOTO, Shingo INO, Masahiro KUNO, Hideo SAKAJIL,
Yoshiaki HIYAMA, Tatsu KISHIDA and Yukimasa ISHIDA

Abstract Since the yellowtail Seriola quinqueradiata is an important fish stock for the fixed

net and purse seine fisheries around Japan, accurate forecasts of the landing at each location

and fisheries management are required. In this paper we review the spawning and migration

biology of the yellowtail and discuss what research is required to achieve these objectives.

Spawning biology of yellowtail was reviewed from the growth of larvae and the maturation

of spawning adults as well as from past data on egg and larval net surveys. The migration

pattern differed with the growth stage and a large scale migration from north to south oc-

curs after maturation. The area of distribution especially in the wintering season seems to

depend on the marine environment. We consider that clarification of the relationship be-

tween the migration and environmental conditions is necessary to improve the accuracy of

forecasts of landings and we discuss the research required to enable effective forecasts.
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Table 1. Monthly change of frequency occurrence of eggs and larvae by area. The notations
used for areas are the same as Fig. 1. Upper and lower lines of each area indicates larvae and
eggs, respectively. Occurrence frequency; 2 : 1-several, O : dominant, © : predominant.
Literatures by Uchida ef al. (1958a, b) and Matsuda (1969) refered to eggs as well as larvae.

Area Jan.Feb.Mar. Apr.MaydJun. Jul. Aug.Sep. Sources
A © A Shimomura and Fukataki (1957), Fukataki (1958), Okiyama
(1965). Tkehara (1977)
B © © O Katoh (1954, 1955), Shimomura and Fukataki (1957),
Fukataki (1958)
c A A O O A Shimomura and Fukataki (1957), Fukataki (1958), Senta

(1962a. 1962b)

Kawamura (1955), Shimomura and Fukataki (1957), Uchida et
A © © © A A A 47.(1958a, 1958b), Fukataki (1958), Uchida and Shojima
(1958), Tokaiku National Fisheries Institute (1966), Tokaiku
National Fisheries Institute and Nanseikaiku National
Fisheries Institute (1970), Sakakura and Tsukamoto (1997),
A © Cho et al.(2001), Yamamoto et al. ¢1%2)

Shimomura and Fukataki (1957), Fukataki (1958), Tokaiku
National Fisheries Institute (1966), Tokaiku National

E Fisheries Institute and Nanseikaiku National Fisheries
Institute (1970), Asami et al. (1967), Seikaiku National
Fisheries Institute (1966, 1967, 1969), Yamamoto et al. ¢1%2)

Shimomura and Fukataki (1957), Fukataki (1958), Tokaiku
National Fisheries Institute (1966), Tokaiku National

F Fisheries Institute and Nanseikaiku National Fisheries
Institute (1970), Asami et al. (1967), Seikaiku National
Fisheries Institute (1966, 1967, 1969), Yamamoto et al. ¢1,%2)

Shimomura and Fukataki (1957), Fukataki (1958), Tokaiku
A A National Fisheries Institute (1966), Tokaiku National
G Fisheries Institute and Nanseikaiku National Fisheries
Institute (1970), Asami et al. (1967), Seikaiku National
Fisheries Institute (1966, 1967, 1969), Yamamoto et a/. ¢1%2)

Uchida (1954), Shimomura and Fukataki (1958), Fukataki
A A O O A A (1958), Matsuda (1969), Tokaiku National Fisheries Institute
(1966), Tokaiku National Fisheries Institute and Nanseikaiku
National Fisheries Institute (1970), Asami et a/. (1967),
Hanaoka (1995), Ishida et a/. (1997), Seikaiku National
A A A A A Fisheries Institute (1966, 1967, 1969), Yamamoto et al. ¢1,%2)

Shimomura and Fukataki (1958), Fukataki (1958), Matsuda
A O © A A (1969), Tokaiku National Fisheries Institute (1966), Tokaiku
National Fisheries Institute and Nanseikaiku National
Fisheries Institute (1970), Asami et al. (1967), Hanaoka
A (1995), Ishida et al. (1997)

A ©® © A A Hattori (1964), Matsuda (1969), Tokaiku National Fisheries
Institute (1966), Tokaiku National Fisheries Institute and
Nanseikaiku National Fisheries Institute (1970), Asami et al.
(1967), Ishida et al. (1997)

A A Hattori (1964)

Hattori (1964)

A Odate (1962, 1967), Safran (1990), Safran and Omori (1990)

> O P> ©
o P O O
>

A Odate (1962, 1967), Safran (1990), Safran and Omori (1990)
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Fig. 1. A sectional map around Japan used in this paper.

A: Northern part of the Sea of Japan; B: From Wakasa Bay to off Noto Peninsula; C: San'in and Oki
Islands.; D: Around Goto Islands and Tsushima Channel; E: Middle part of the East China Sea; F:
Southern part of the East China Sea; G: Around Nansei Archipelago; H: South of Kagoshima Prefecture;
I: The Sea of Hyuga; J: South of Shikoku and Kii Peninsula; K: From the Sea of Enshu to Izu Islands.; L:
off Boso Peninsula; M: Kuroshio extension area; N: From off Johban to off Sanriku.
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Table 2. Occurrence frequency of eggs and larvae by water temperature. The notations used for
areas are the same as Fig. 1. Upper and lower lines of each area indicates larvae and eggs, respectively.
Occurrence frequency; A : 1-several, O : dominant, © : predominant. Literatures by Uchida et al.

(1958a, b) refered to eggs as well as larvae.

Area 13°C~14~15~16~17~18~19~20~ 21~ 22~ 23~ 24~ 25~ 26~

Sources

A © © © © © A A Shimomura and Fukataki (1957), Ikehara (1977)

5 A A A AN OO O O O 0O

O A A Katoh (1955), Shimomura and Fukataki (1957),

Fukataki (1958)

c A A A A OO OO 0 0 A

A

A Shimomura and Fukataki (1957), Senta (1962)

©
©
©
©

Shimomura and Fukataki (1957), Uchida et a/.
(1958a, 1958b), Fukataki (1958), Tokaiku National
Fisheries Institute (1966), Tokaiku National
Fisheries Institute and Nanseikaiku National
Fisheries Institute (1970), Sakakura and

Tsukamoto (1997), Cho et a/.(2001), Yamamoto et
(*1,%2)
al.” >

Tokaiku National Fisheries Institute (1966),
Tokaiku National Fisheries Institute and
Nanseikaiku National Fisheries Institute (1970),
Asami et al. (1967), Yamamoto et al. ¢1,%2)

A Tokaiku National Fisheries Institute (1966),
Tokaiku National Fisheries Institute and
Nanseikaiku National Fisheries Institute (1970),

Asami et al. (1967), Yamamoto et al. “>™

Tokaiku National Fisheries Institute (1966),
Tokaiku National Fisheries Institute and
Nanseikaiku National Fisheries Institute (1970),
Asami et al. (1967), Yamamoto et al."*?

A O O O 0O 000 0o A A

A

Shimomura and Fukataki (1958), Tokaiku
National Fisheries Institute (1966), Tokaiku
National Fisheries Institute and Nanseikaiku
National Fisheries Institute (1970), Asami et al.
(1967), Yamamoto et al ¢12)

A AA AN O O O 0 O

Shimomura and Fukataki (1958), Tokaiku
National Fisheries Institute (1966), Tokaiku
National Fisheries Institute and Nanseikaiku
National Fisheries Institute (1970), Asami et al.
(1967)

© A A A

Hattori (1964), Tokaiku National Fisheries
Institute (1966), Tokaiku National Fisheries
Institute and Nanseikaiku National Fisheries
Institute (1970), Asami et al. (1967)

© A A A Hattori (1964)

© A A A Hattori (1964)

A A A A A A O A A

=

Odate (1962)
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4 FAZIE S i T T S A e (D), RSP
TP BT S AL GE M CRE S o IRBUEEITIC A
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Fig. 2. Spawning month in respective areas of yellowtail estimated from past studies.
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Fig. 3. Growth curves of yellowtail obtained from
rearing experiments and otolith daily increment
analysis.

Blue line: TL = 4.52-3.23x10'D+2.49 x 10*D*-7.56 %
10°D* (Murayama, 1992).

Red line: TL = 9.61 xe """ (Range: 18.1-113.8mm.
Sakakura and Tsukamoto, 1997).

Yellow line: FL = 2.029D-38.368 (Range: 20.72-56.08mm.
Uehara et al. 1996).

Green line; SL = 1.127D-11.012 (Range: 15.1-81.7mm.
Yamamoto et al. ™).

TL: Total length. FL: fork length, SL: standard
length. D: days after hatching.
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Fig. 4. A schematic diagram on distribution and migration of O-year old yellowtail in the
Sea of Japan before the 1960s (after Watanabe, 1979; Yamakawa, 1989 and Ino ef al., 2006).
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Fig. 5. A schematic diagram on distribution and migration of O-year old yellowtail in
the Sea of Japan during the 1970s and 1980s (after Watanabe, 1979; Yamakawa, 1989;
Murayama, 1992 and Ino et al., 2006).
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Fig. 6. Yearly catch amount of yellowtail over 2-years old caught by fixed nets in
Niigata (from 1981 to 2003), Toyama (from 1964 to 2003) and Ishikawa (from 1972 to
2003) prefectures (after surveys conducted by each prefectural experimental institute).
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Fig. 7. Yearly catch amount of yellowtail over 2-years old by fixed net in Toyama
Prefecture (after surveys conducted by Toyama Prefectural Experimental Institute and
catch statistics compiled by the Ministry of Agriculture Forestry and Fisheries).
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Fig. 8. Average water temperatures at 50m depth at 17 stations in Toyama
Bay in March and April, and catch amount of yellowtail over 2-years old
caught by fixed nets in Toyama Prefecture.

Fig. 9. Contour maps of water temperatures at 50m depth in the Sea of Japan in April, from 1984 to 1986 and
from 1990 to 1992 (after Nihon-Kai Gyojyo-Kaikyo Sokuho (Japan Sea National Fisheries Research Institute)).
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Fig. 10. A schematic diagram on the distribution
and migration of 0 and 1-year old yellowtail in the
Pacific coast of Japan (after Tanaka, 1972a, b, and
1973).

FEE BB LI OBNINRET A L H IR Y, =R
FE 6 AR B 2 R TS - RETFPI L Il E 3 5 AT,
RERFURE 0 & DU - U % M3 2 AL T 5 L3R
HEANTWE, EFEOTAETIE, 1990~ 19954 12 FIHK
IV CRERR R L 72 KB A= H IR B X O [E A~ 8)

L7-FRDFER SN TV B DR T, MU ARE)
L 7-BR I3 v, 20044F 3 A, 20054E 2 HB XT3
I, REBFEILTE KRB O BRI 23 FE i S
LB X O EANE) L 7B AR S
P, BREE TR CHLH A~ B L 7 B 4132006
EIABEALN TV (WS, B, £5HR).

INFE TOFEREEL L KRBV TD, 0
~ 2RI KHE R NEE LR olAabNb, 3
WAL ETIE, ZREGES» S ERPEE T B THERE -
RERFEE I i3 20, RERFERE L & PUE - Ju % ol
T LMEDHIEDTRIE SN LAY, ILAFE ORERRBOT L dkh
Lnizo, FEMEIAHTH L. T, ZRERRICE
Wd B MmOV TIE I N T TIZEE LW IEDFE
ENTEHT, KPFEMZIL R LZ28EE A A S
IR IR L 2 TR L 2B E D X D IZa A L Tw
BVAHTH L, SHITKFFEMZIL EL2REE HA
W7 & EEEEREIE 2 TR~ RS L 72 BEAs & o &
ICHTFTTADPEDFE LW &350 TV,

FRFNDO M - BB - BE M (1972a, b, 1973)
W& B &, 19504E4C LRI AL o B X OHIRTE
~HIOBES ZEIRE» SREBHoOMZILE - BT
Ilgge L, i LAVG o R 3 b 5 2 & Judi & Inlige LT
W7z, 19604FIIE, HAbH T O fF B X UHHEE ~
IR OREADS = BRI R A S AHBLE O &2 A6 b - B T ml i
T5EHITELL, BLH T OfEB L OFHELE ~#i
OHOMEFRPHDI NS oozl s b (Fig 11).
Tanaka (1979) &, BHEEICHH SN KEHOR
FHZOWWT, BREHZIZEII S X ORI 2 o0
RABHY, ThEBXTHETLEZDDIEDT2TH-
T2DIZH L, BBIEHIMOBER L2, LHEMD
BEROARERoTZE LTS, TNLOEMRICLEE
By - MIEOLZALASEERBEOZAIC L 5 b DTS
PUITENTWVZR N,

2 - BE - @ECEFRE KE (2003) 12, 4
H PRI BT 24 FOKIME L HEFOKIRO K
WIZE B & I B B EEAME O KGR HER & G
L, 7 VHEEBEKRINC &, SRR S
BT ERR LT S50, BAKEIZIE T VDA
HZEEE TIEAD, HAEIITEBIIE N L
VAR B2 7)) 0 DR INRD TH R &
HELTwh,

7)) B ofiER (Fig 12) IZKFRRFEICBWT



7 OREYR & Il 17

&Y

/ = 1960 s ’

11950 " s and before

)

o

f—/%w% ALY
%\3 - : ) read
Wi

.D

=
g3

ch

and | K

A X

0 1327 1347 136° 138° 1407 1427 1447 146°

Tach

132° 1347 136° 138° 1407 142° 1447 1467

0

Fig. 11. A schematic diagram on the distribution and migration of over 3-year old yellowtail in the
Pacific coast of Japan (after Tanaka, 1972a, b, and 1973).
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Fig. 12. Yearly catch number of Buri (yellowtail sized over 6kg) at main fixed netting areas along
the Pacific coast of Japan (after Kuno, 2004 and original data). Figures are shown using three years

moving average.
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Table 3. Summary of review on spawning biology of yellowtail

Item

Previous knowledge

Research subjects

Spawning period and
area (informa-tion from
adult fish)

Large size fish spawn earlier.

Does the suitable condition
for spawning and spawning
area differ by age?

Spawning area moves northward as water
temperature increases in the East China Sea.

They spawn along the edge of continental shelf in the
East China Sea, at Danjyo Islands and Pacific Ocean
(the Sea of Kumano). It is possible that they also
spawn in the Sea of Japan (e.g. off Shimane Prefecture,
Wakasa Bay and off Noto Peninsula).

Do all spawning adults
belong the same population?

The northern limits seem off Noto Peninsula and Izu
Peninsula.

Suitable water temp. for
spawning

19-22C (Danjyo Isls-south of Goto Isls.).

15-23C (West of Kyushu, Tsushima Channel, south of
Kagoshima Pref.).

19~217TC (after Mitani, 1960)

What is the relationship
between water temp.
and maturation spawning
activity and the survival
rate?

Spawning period and
area in the Sea of Japan
(from eggs and larvae)

From the sea of Goto to Tsushima Channel: the peak
period is in April and May.

Southwest coast of Korea Peninsula: May (post-larvae)

Off Yamaguchi : May and after (pre- and post-larvae)

Off northern Kyushu: May and June (juvenile)

Around Oki Isls: June and July (pre- and post-larvae)

The possibility that larvae spawned in the East China
Sea in April and May have been transported to
Tsushima Current side is high.

It may be distinguishable fish hatched in the Sea of
Japan from fish hatched in the East China Sea by their
hatching date. Fish are hatched in April and May in
the East China Sea.

When and where the young
fish which occur in various
places along the Sea of
Japan are hatched ?

Spawning period and
area in the Pacific
Ocean

(from eggs and larvae)

South of Kagoshima Pref: January-May

Main spawning area is the upper reaches of Kuroshio
Current and southwestern area off Japan: pre- and
post-larvae occur in April and May.

The Sea of Hyuga: pre- and post-larvae occur in April
and May.

Northeastern area of Japan: pre- and post-larvae
mainly occurred in June. Body length composition was
intermittent (7-90mm).

Middle and southern part of the East China Sea:
February and March. Off Kyushu and Shikoku:
March-May. East of Shikoku: June.

The possibility that larvae spawned in the East China
Sea in February and March have been transported to
Pacific Ocean side is high.

When and where the young
fish which occur in various
places along the Pacific
Ocean are hatched?

How is the seasonal pattern
of transportation, and how
to estimate spawning area
from hatching date in the
Pacific Ocean area?
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Table 4. Summary of review on early life ecology of yellowtail.

Item Previous knowledge

Research subjects

Relationship with
drifting seaweeds

A habit to follow drifting seaweeds occurs over 15mm.

Two types, i.e. who
follows and does not
follow drifting seaweeds
are observed.

What is the quantitative ratio of the two types?

What is the difference
of survival rate of the

two types?

Influence of juvenile . .

catch Juveniles (Mojyako) are caught for aquaculture.

Predation

Growth The difference of growth by school is observed (larvae | Why does growth speed

produced in Tosa Bay is faster in growth).

differ by regions?

Feeding habit

Small copepods etc. cannibalism occurs over 10mm.

What is the relationship
between diet environment
and survival rate?

Transportation

Stable from the East China Sea to the Pacific Ocean
(February and March).
Current side (May and June).

Unstable to Tsushima

How 1is the process of
distribution form the East
China Sea to the two
current?

How is the distribution
rate decided?

From where is
recruitment in the sea
of Japan and the Pacific
Ocean supplied mainly?

Physical environment

Is there relationship
between the regime shift ?

Recruitment fluctuation
factor

Spawner-recruit
relationship
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Table 5. A summary of review on migration ecology of yellowtail

Item

Previous knowledge

Research subjects

The Sea of Japan:
migration pattern by
age

O-year old: spread as far as the coast of Hokkaido
and the polar front. A range of movement after
fish leave drifting seaweeds is small. Northern
limit of wintering area is Sado Channel.

What is the suitable
condition of distribution, the
northern limit of migration,
the condition of wintering
area?

1- and 2-year old: seasonal small scale migration,
offshore and shore migration.

What is the suitable
condition of distribution and
the condition of wintering?
Where is the northern limit
of migration?

3-year old: go south to spawning. The lower limit
of water temperature in wintering area is 9C .

What is the trigger to go
to the south? Where is the
southern limit of migration?

4-year old and over: large scale migration form the
East China Sea to Hokkaido is observed.

What is the relationship
between migration and
environment?

The Sea of Japan:
fluctuation pattern of
migration in decadal
scale

1950s and 60s: O-year old fish pass the winter in
northern part of the Sea of Japan.

1970s and 1980s: O-year old fish go south of Noto
Peninsula in winter. They did not spread their
distribution area to the north thereafter. The
distribution area of adult fish reduced and young
fish tend to distribute in west part of the Sea of
Japan.

1990s: The catch of large sized fish increased in
northern part of the Sea of Japan. Catch amount
also increased in Toyama Bay. Water temp. was
higher than the previous average.

What is the relationship
between long term
fluctuation of environment?

Pacific Ocean: migration
pattern by age, by
period

1960s and before: small sized fish (0- and 1-year
old) seem to show two migration patterns i.e.
that from Bousou Peninsula to Sanriku District
and that of small scale movement in the west of
Sagami Bay.

1950s and before: two patterns were observed fish
over 3-years old, ie. that from the sea of Kumano
to Sanriku District and that from the Sea of
Hyuga to Sagami Bay.

1960s: two patterns were observed fish over
3-years old, ie. that from the sea of Sagami Bay to
Sanriku District and that from the Sea of Hyuga
to the Sea of Enshu. In Sagami Bay the catch
amount of large sized fish decreased extremely.

1970s and 80s: few data exist.

1990s: fish released in Wakayama Pref. went to
Mie Pref. and Shikoku.

What was the migration
pattern in 1970s and after?

Where are the spawning
grounds?

Catch fluctuation observed on a decadal scale.

Is the cause of catch
fluctuation the change of
migration pattern?

What is the relationship
between ocean environment
and migration pattern?
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R & B BARIZ BTt transverse T O BE A 56
LT 5725, BT OSIRERE & 7 B9 4 ZI3E
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W2 &0 A O 5 e TE& %5 (Kimura et al,
2000), 7VIZBVWTDH, EFTNIEHIIEREINLEF
FAOBAEDOMEITCHEMR ZIBT L LI2X D, B
P E T A Z e TELWREEN D D, Z D72
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R T OWKRE € 7 VS S hiud, 7Y T ¥
Salb—va VERNFITRETH S,

F72, MEENGHETED AP, imaikiEL
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Itoh et al. (2003a), Itoh et al. (2003b) 12 & - THik

Fig. 13. Photograph of an archival tag (LTD2310).
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Temperature, salinity, stream

Spawning ground

Tank on land

Eggs and larvae
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Improvement of identification technique

!
Distribution of each ontogenetic stage -«

Spawners
Histological observations of gonad ’/

O-year old fish
Daily increment analysis of otolith
Elemental analysis of otolith
Tag and release

- Hatch day and place (temperature)
Early growth <
/ Migration pattern in short time range

Artificial seed

(eggs and larvae)
Daily increment analysis of
otolith in different temperatures

Early growth in each
temperature

Elemental analysis of otolith
Pop-up archival tag

Distribution of spawning ground
History of migration
Spawning behavior

1-year old and over fish
Archival tag

Migration patterns in each age

Fig. 14. Research methods for the definition of the relationship between migration and spawning pattern of
yellowtail Seriola quinqueradiata and environmental features.
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