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2 According to the release and recapture study using archival tag in the Pacific coast
of Japan, three major migration groups of adult yellowtail are observed, i.e.
()migration group between Enshu-nada and southwest coast of Shikoku, (2)migration
group between Kii Channel and Satsunan area (south of Kagoshima), (3)migration
group between Bungo Channel and Satsu-nan area. About young yellowtail, seasonal
southward-northward migration between Tohoku Region coast and Soto-bo area
(outside of Boso Peninsula) is observed. Add to this, resident group is identified around
Cape Ashizuri. The young fish migrated between Tohoku Region coast and Soto-bo area
is thought to participate in spawning migration to western waters than Sagami Bay
when they maturate. This adult fish may be absorbed by group migrating between

Enshu-nada and southwest coast of Shikoku under
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Elucidation of the Relationship between Migration Pattern and Sea

Environment, and Prediction Method of Relative Abundance for
Yellowtail in the Japanese Waters.

Abstract : 1-(1)-1) Experiment of release and recapture using archival tag revealed that the
area of migration of 0 and 1 year old yellowtail in the Sea of Japan is restricted small scale.
0 and 1 year old fish in western waters than Noto Peninsula stayed near release points all of
the year. 0 and 1 year old fish in northern waters than Noto Peninsula, northern area of the
Sea of Japan stayed among Noto Peninsula (Wajima) and off Aomori Prifecture. They did
not move to west of Noto Peninsula even in winter, differ from in 1980s when ocean regime
was cold.

1-(1)-2) Young yellowtail occurred in northern waters than Noto Peninsula even when the
water temperature showed the minimum (March and April). The ambient water tem-
perature exceed 10T at that time according to the analysis of water temperature record
obtained from archival tag record. So, it is supposed that young yellowtail can pass winter
where waters exceed 10T in Japan Sea. It is also supposed that yearly change of water
temperature in winter (when water temperature is the minimum, i.e. March and April) may
cause the change of migration pattern of young yellowtail in this area.

1-(2) It is estimated by synthesis of the past and present study that young yellowtail (0 to 2
years old) in the Sea of Japan form small scale migration group and the group west of Noto
Peninsula and that northern part of Noto Peninsula do not exchange until their maturation
age, 3 year old under present environment.

Catch number between at age 0 and at age 3 of the same year-class in each area show
high correlation. It is suggested that the forecast of fishery of yellowtail may possible, if
catch number of 0 year old fish in each migration group will be used as one of the index as
strength of the year-class.

14{3) Rearing experiment of pre-larval yellowtail at different water temperature revealed that
growth of otholis is faster as water temperature is higher. Comparing this relationship and
otholis of larval, juvenile and young yellowtail sampled in the East China Sea and the Sea of
Japan, the possibility that spawning ground and period may shift from south of East China
Sea in February to western waters of the Sea of Japan in June pointed out.

recent environment, and may not return to Tohoku region coast again even in summer. It
seems that exchange among those migration groups or between migration group and resi-
dent group may occur at some probability.

3-(1) Long term fluctuation of yellowtail catch is largely influenced by long term fluctuation
of water temperature. It seems that increase of water temperature have a good effect on
migration of yellowtail to fishing ground. SST mapping in winter (March) shows that area
where vellowtail can pass the winter (waters exceed 10C) enlarged to northward than
Noto Peninsula and Boso Peninsula in 1990s when warm regime had began.

3-(2) Considering the facts that almost relationships between abundance indices of each age
showed positive correlation and therefore the dependence of each age abundance on the



abundance of 0 year old fish of the same year class is suggested, and that abundance of each

age and water temperature usually showed positive correlation in each area, forecasting

model of yellowtail abundance is examined using abundance of 0 year old fish in each area

and water temperature as explanation variables. Abundance indices of fish over 2 years old
in western waters and northern waters of the Sea of Japan, W_AI 2 and N_AI 2 got high
decision coefficient if they are described as follows;
W_AIL 2 =0.502W_AI_0 + 0.232W_AI_1 + 0.377N_AI_2+ 0.131WT_winW — 3.111
N_AIL 2 =0.607W_AI 0 + 0.128N_AT 1 + 0.311WT_winW - 0.3697
Where W_AI t, N_AI t denote abundance index of t year old fish in western and northern
waters, and WT_winW means water temperature of 50m depth in western waters of the

Sea of Japan in winter of the year when the year class was 0 year old.
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Locations of release points of tagged yellowtail. Numerals 1 to 17 correspond to the
number of tagging experiment shown in Table 1-1-1-1.
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Table 1-1-1-1. BEEREHORERIRT A X7 — ANV 7, DEy—1+ 47
Data of tagging experiment for yellowtail carried out.in the Japan Sea from
2006 to 2008.

No. of Release No.

tagging Area Date FL{ave.) Ace No. Type of recaptured
exp. (cm) released tag (recapture rate)
1 North coast of 24 May 06 39.7 1 13 Avxchival 9 (0.69)
Noto Pen. 38.9 1 31 Dart 13 (0.42)
2 Oga Pen. 02 Aug. 06  45.4 1 20 Axchival 9 (0.45)
3 Wakasa Bay 28 Sep. 06 32.6 0 75 Dart 5(0.07)
4  Wakasa Bay 30O0ct. 06 36.0 0 96 Dart 16 (0.17)
5 Awashima Is. 01 Nov. 06 36.7 0 19 Archival 4(0.21)
6 Wakasa Bay 20 Nov. 06 37.7 0 10 Archival 3 (0.30)
374 0 72 Dart 9(0.13)
7 Wakasa Bay 21 Dec. 06 37.5 0 132 Dart 21(0.16)
8  Oga Pen. 05 June 07 36.8 1 9 Archival 2 (0.22)
9 Wakasa Bay 19 Oct. 07 326 0 100 Dart 13(0.13)

9 -chi
10  Awashima Is. 16 Nov. 07 36.4 0 12 Archival 1(0.08)
37.1 0 12 Dart 0 (0.00)
11 Wakasa Bay 21 Dec. 07 38.7 0 12 Archival 1(0.08)
37.1 0 144 Dart 15 (0.10)
12 Wakasa Bay 09 Aug. 08 36.7 1 157 Dart 14 (0.09)
13 Northeoastof ) n w08 580 2 90 Dat 16 (0.18)
Noto Pen.

14 Wakasa Bay 15aug. 08 388 1 565 Dart 109 (0.19)
15 Oga Pen. 11 June 0 200 1 7 Archival 3(0.43)
38.5 1 85 Dart 17 (0.20)
16  Wakasa Bay 27 June 08 41.1 1 100 Dart 11(0.11)
17 Awashima Is 02 Dec. 08 38.9 0 19 Axchival 0 (0.00)
" 03 Dec. 08 38.1 0 100 Dart 5 (0.05)

o 190km
IO —

144"

Fig. 1-1-1-2. FRfEIR

Recapture regions used in Fir. 1-1-1-3, 4 and text.
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Relationship between release and recapture region of O-year old yellowtail by tagging
experiments. Regions A-M is shown in Fig. 1-1-1-2. Numerals in parentheses represent No. of
release experiment shown in Fig. 1-1-1-1. Numerals fixed to parentheses and in circle represent
total numbers of fish released and number of recaptured, respectively.
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Z & O Ja] A E
Distributed area of ID D0661 yellowtail from August
2006 to June 2008. The tagged fish was released at

Oga, Akita Pref, and recaptured at west coast of
Aomori Pref.

Tag ID D0896:Nov.2006—Jun.2007
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Fig. 1-1-1-6. #HriE &M A (D08Y6) M10H
Z & O REALE

Distributed area of ID D0896 yellowtail from
November 2006 to June 2007. The tagged fish
was released at Awashima Is., Niigata Pref. and
recaptured at Akita Pref.
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Tag ID D0236:May 2006 —May 2008
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Fig. 1-1-1-7. £ )11 55 i d (D0236) o [nl e fi i
Distributed area of ID D0236 yellowtail from May
2006 to May 2008. The tagged fish was released and
recaptured at Wajima, Ishikawa Pref..
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Tag ID D1719:Nov.2006 —Aug.2008
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Fig. 1-1-1-8. VLR sif (D1719) o> [l ik
(AR

Distributed area of ID D1719 yellowtail from
November 2006 to August 2007. The tagged fish was
released and recaptured at Mihama, Fukui Pref..
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10 Hideaki MAEDA, Ken WATANABE, Shingo INO and Jun-ichi OKUNO

z =

AR CREARICEE S N 7220064E %> 5 200847 0 ~ 1
HAOBBIRPF IR S L OB RIc E E 5
TEDRETH Y, BEEBUHEOHARBREH T
B ~we g BrE, BB TIERELE (W
B) ~EEQCHMTHY, MBEORICRRIEIALRS
Nedrole. %8B, FWETEEZ Lho2205, FF
B CGRIEHE) ICXIEHARBERORIELITEIZOW
T, 3B~ Bk o #iBH AR IS /N 22 058 % 47 5
KBRS T DD 5,

HAMS - o 0, 1BRAOEE/ (S — 20
THERTEDOEILE & B E, F (1992) 1T EIRE
AT B 51960448 & 19804 DRI O #E R % I
L, HARERTER (D% & 3B R 511
BinE) Tid, 19804 I 19604 fCLLRT & FIRE, K&
BEBBRRE Do 20K L, BARELE (G
BUAL) T, 1960454013 RE B B DLk T4 L 7228
198044012 AER L B UL Tl &3, fEE R 2.
ATHTL, REBEIEELERUIALLLRZNZE
PEWEL, FORREE LTKRSHOELYERT S

ZEERBTWS,

SEOFRETIE, BELBLUILOFIBATIIBW
THEEEPEDEIORAR ST, 0~ 1 RAIHEE
FEDIVGICBE) L T w72 1970FE A~ 1980/ & 13 /74
D, 196044 LT O AR L FFTH o2 EZX L
Nize —75, BERFRBUEOEPEME~BIEES T
13, ERIIC L DBEIRICEILS RSN nEEZLS
Nize SNHLOIEPLHKBIIBITLZ7ID0, 1
A REELE OO R/ 5 — »HERIC
Lo TRELEATAHAIEDPHL N E Lo, DR
HIEBBEEROEEEZ LN TV AP BOFTHIC
EREITI .

#HO

AIFEE LD H12H2 Y, FbKE, HEBTHE,
KRIVEEMA A, BIEEMEEEE, FHAaRERE
A, KEEEEHEO A THHIEEEE Lz, &
L ET

(REH3EEE, 50 f, HIEE, BExT-—)

HEEERE

B 3 (Hideaki Maeda) 8 3 1B 7k 2 3t B 35
Urazoko Tsuruga, Fukui 914-0843 Japan)

T914-0843 #  7 iifi ’23-1 (Fukui Pref Fish. Exp. Station,

50 f# (Ken Watanabe) EINEBMKEBASTEMN Y ¥ —/KEDZRT T936-8536 15T E#364 (Toyama
Pref. Agri. Forest. Fish. Res. Center, Fish. Res. Inst, Takatsuka, Namerikawa, Toyama 936-8536 Japan)
HB{EE (Shingo Ino) B INEEMKEREEMN £ ¥ —KEMZEH T936-8536 W) E1364 (Toyama Pref.
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1. BEHBICHT 2 RRERENOEERR OHBE

(1)

Fanal DR - BRI OEE

2) BARBOEERC EOEXKERERREKER

L&

20064E 5 H 2 520084E12 81270 0 ~ 2 ifa % o4
ELTT—H ANV I & BIERNRRAAZ E
L7z 2CTH, 1-(-1)OFELBEF 2, BEE
BEEE LTRMMBR OGN h o o ie B LI & aeE Ll
Lo EERE S LT, BARHETHEKIR AR & <
%% 3~ 4 H OB OB OKGE & BEKIR L FAT L
T2 SIT, T—HANVY T OHBIHOKEGE & BEKIER
DT — ¥ OFHNFEEIZI288TH 5, B i-%M
O3 ~4 AoF—s 2B L, BERKEIIDOWTE

Table 1-1-2-1 HATIZ W - E Sl O REHR

5 m MROKEIHEE, BREKRICOWTIEL CHR
DIKIRFVEE 2 R~ Teo BEBOBELS 2 A ER
LT EILEY, REMREEZHNZ, 2B, 22Tl
FECEREBEIZ3H 1AL LTS D, RIK
KiRH (3~48) OF—5IE1RA»D 5, &
51, ABFIEIC X O WS A0 L7z ik BREE & ER
4 A EAO50 m BRI OBRNS, 7 i
BAMIROBALOEFIZOWTHEEL 72, KiBSHH
i, BARBROKEDEHR® [ HAREKRT — 7 ~X—2
(http://jsnfrifra.affrc.gojp/shigen/suion/Page.htm) |
Z5|H L7,

Information on the recaptured yellowtails used in this study.

Release data

Recapture data

Tag No. Location Date F.L. Age  Location Date FLBW. L.1berj[y
(cm) (em) (kg) timein
D1716 Wakasa Bay 20 Nov. 2006 38 0 Wakasa Bay 30 Apr.2007 38 0.8 161
D1719 WakasaBay  20Nov.2006 37 0 Wakasa Bay 04 Aug. 2007 - - 257
pos7s Northeoastof o 2006 a1 1 Northeoastof ooy 02007 58 32 370
Noto Pen. Noto Pen.
North coast of North coast of
D235 0 T 24May 2006 39 1 00 14 June2007 57 29 386
D0896 Awashimals. 05June 2007 39 0 Off Akita Pref. 05 June 2007 39 0.8 216
D0891 Oga Pen. 02 Aug. 2006 47 1 gi;N"gma 27Mar.2007 60 2.9 237
D0865 Oga Pen. 02 Aug. 2006 48 1 grfeffYamagata 21 May2007 58 25 292
D0893 Oga Pen. 02 Aug. 2006 46 1 g:iya“mgm“ 08 June2007 58 24 310
D0821 Oga Pen. 02 Aug. 2006 43 1 Off AkitaPref. 04 July 2007 60 29 336
D0917 Oga Pen. 02 Aug 2006 47 1 vesteoastof o 2008 69 48 521
Aomori Pref.
D0665 Oga Pen. 02 Aug 2006 45 1 Vosteoastof . ie2008 - - 670
Aomori Pref.
D0661 Oga Pen. 02 Aug. 2006 49 1 estooastof 02008 - 65 695

Aomorl Pref.
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Fig. 1-1-2-1 feE LA TRA L 7= 7)) Al ook s & ki (3 0, 4 H)
Histogram of swimming depth and ambient temperature of the young age yellowtail in winter (from March to

April) in northern waters of Noto Pen. Each frequency was calculated by recoded data obtained from D0896,
D0665, D0917, D0661, D0893, D0821, D0891, D0865, D0575 and D0235.

35 - Agel 120 4 Age 1
> 30 o T 100 4
2 25 -
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Q15 A BDI1719 EDI719
10 - W
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Fig. 1-1-2-2 REELIVE CBA L 72 7Y Fififa odle ok & BBakis (3 H, 4 H)

Histogram of swimming depth and ambient temperature of the young age yellowtail in winter (from March to
April) in western waters of Noto Pen. Each frequency was calculated by recoded data obtained from D1716 and
D1719.

T9, KRN BB UL o iR & vk L 7 Al Ak
DUEGRKTR & BEKIROBEGA 2 1, 2 AT
T Fig 1-1-2-1TR L7eo EwOKERIZ, 1, 2@&Ed

I S

ATAL TR I AL L 22 12fE R D0 - FlCB S 5

7 —% % Table 1-1-2-1IT/R L7z WU, HRAEKiR
WA DAL IR & vk L 72 B ALY LT 1
Mk, 2m@mTomE BN CEEML) o
IR % vk L 7B s L A C 2 MR TH o 7

50 m JE ¥ DEEGAHEEAYE <, 100 mELR T o 7260

BRI OBEKIRE, 1, 2&ML 10 CULETH
2720 KIZ, BEB LAWY Dl 2 vk L 72k (1 %480
DR TE & BRBEAKIm DL /3 % Fig. 1-1-2-217R
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Fig. 1-1-2-3 D 4 A LA oK SA
Horizontal distributions of water temperature at the depth of 50 m

in the early month of April 1975, 1985, 1995, and 2005 in the coastal
Japan Sea (Japan Sea Reg. Fish. Res. Lab.).

2008(50m)

» e~ ¥l B ~¢ ¥

. o B
Fig. 1-1-2-4 2007~20094E @ 4 F FB O KIR A5

Horizontal distributions of water temperature at the depth of 50 m in the early month of April from 2007 to 2009
in the coastal Japan Sea (Japan Sea Reg. Fish. Res. Lab.).
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L7zo WHKIEODAE, 2MHEKBITRELRRY,
FNEND mEEETI m BEOHENE o B
BERiRE, T EFPhwboo, 121311 CTULE
THotze

WIZ, 3 ~4 HBIT 5 BARBO KRS AR ORRAE
TR Tz 19705 LIR, SERB (EhoE TR
#) ©4 B LAo50 m KRS % Fig. 1-1-2-312
ARL7ze FRUCX 5 E, 10 CHIRBIL, 1975 B X
UF19854F I ITRER - Bt il & 5 W g R B L Bl fr
BLTW, LAaL, 199510k E fEREIm
~Jb kL, 20054 IS BT EICAIE LTz,
bbb, 1990FEMRLIRE, AE50 m D10 CRL L&
LB AL OHHTIC R & (Mo Tz, ThH
DFERITHE S (2006) FoE L —H L7,

Z =
G, 3~ 4 A omEkElicesbdts L Uk

AR OHHE & #Ek U T 2212060 7)) Eisf o
Wk RS, BREROBEKRIZFNFNRIOTS

LU CUETH o720

0 RO B AR A N & 7220074 ~20094E 9 3 ~
4 BB, YEERIZI0 CULORETH -2
(Fig. 1-1-2-3)s L7255 T, E@HAI10 CTUT0R
BE 2 T TRE L TV & v ) ST %
WA, BIEOWEREICBWTIZL, 2BE0T YD
SABRBEE LT10 CHEEL 25 WRENRWZE
iz,

HES (2007) &, T—HANNT T2 FHRE
2TV, 3L LB 7Y TiE9 CTU Lo %
WKL TR &L Tw5, B (1966) i, fF
FEEBROFERN S, HHEMAITEIFEKRIEL LY, K
KBOEFEHHANDOLELZE L WHAPH B L HELT
Wb, TOZEL, HROEERVTS, 7V ER
.0 KR A DI % B REMEARIR S B AF
AL S HOMERETH S,

BWHRARFEICE LT, fEDAL IR & cEE
WHKEIGEWS R S5, # U T50 m Al O # ik
BEDE 512 —7F, BT 2 DOKERIC
WHRHEEOY — 7 RO,

1984(50m) '

P

§00)
“
:

1985 (50m)

Fig. 1-1-2-5 1982~1985%E® 4 A LA O KiS#i
Horizontal distributions of water temperature at the depth of 50 m in
the early month of April from 1982 to 1985 in the coastal Japan Sea

(Japan Sea Reg. Fish. Res. Lab.).
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Z ORI B A EIOKER OKIEIE, £FOHE
BAEICEDIZIEE—TH o0, 7T)NECHEEMNE
27z EARE 3 UK IR D& W ISR KR & K
BLTWwWAZIEHREZLNS,

G, T—=NANY FREEIZEL o TES WA
DK & BRBEKIRITB T 285 51E, RARBOBEX
BEAEENCBEILTYLI 2, SAEEDOE
b L O - REFHETH DDEL LTHHE
LEAZ EAVRBEEI NI,

il (1992) &, EWWBLETIT - R BUTRAE
DFERD S, 196054 R T19804EAL I IZ B LB L
ORISR ELZ0, 1RARBASTIZIIERS
FEDVEICHE LBEDRED BEELEIICHE L
BOWEBEIZEHL TV, 512, TORKEICOW
T, B (1978) 4648 L LS OIEKIRTH 5
11A L - A O100 mBIZBIT516~17 THERBIZ
EFEHLC WERE (BERE) 0Bl r2E
PR L7ze ZORE, 198248 X UF19844 T igiE
KIEE D DECEEIEILBURICEI o Tz
&b, 118 OBMEIGTREKIRDO S OB HEL
22 ERTBELTWS, LAL, EHOHMWRLIKE
50m D10 CHEMEZIBEEL LT, 4 B LBAOKES
A7 (Fig. 1-1-2-5) #R5 &, A%< L H1985E4 A
W7 EEA o EESEEOZL (FEEER) 2KiE
Lo THBETAZ ENTE, BEDILTHRAIZHEL
TRk e o/l EAVRENT,

ZORBOEIIBWTH, BEUILTIOCEIEE
& U7 AT BB 72 MBI 19904E A AR I b T 2 1)
erodoe —7H, 1990 LI, K50 m D10 TH
BRAHE T NIEATY 2R LT b, HA T20064E DL
DEBBMATOHEETIE, BEULTHRIELZY
YERAPREDHICHREBH L2 S (F
Ho, AEEE1-(1)-D, BEVoERICEES
BENELEREN-DDOEELONE, 617, 4
FBI T 2 ALV EOBER S 0FEROICRICHE
2T, BVERICHRTHWAETHER L (HH,
2006) D & HIZ, K50 mENI0 CTEHEMAEE
BUALoWIRIC I L L7 B & MR T 2 AL
L ORMBEEDEZ NI R L TwAZ RS
b, WA (REKEREH3~4 8) B 5KESA
OEALPERIC L B2 HOMEEDOEEDEER IR 72
THEEATRIB S N72e Ledio T, BMAHOEERE
AS19804E A% D FE3 B 0 © 19904E A LA O IR R I 84T
L (HS, RFEE3I-(1), EELDILTHRATE 5
HBRBEIE QR EN720, BB~ DML E
BRONGBL oo bEBINSL, LrL, REED
DOEEVERBENIZEMEBO Wb~ EEZITh R\
FEHZE, BAEOGARERRD KBS OATIEHBL
ENLVET DD D, BEEEBED LD RIFR % I
PO OFIRERE 2o TWATREELZELED, &
BOBEBREEL Lz,

(¥ FE—, L & HEHEE, mTHERE)

PEEERE

B FE— (Jun-ichi Okuno) ANEBKEREGE Y ¥ —

T027-0435 A B ESAREE AT 2 HEH#3-7 (Ishikawa

Pref. Fish. Res. Center, Ushitsu-shinko, Noto, Housu, Ishikawa 927-0435 Japan)
L f# (Ken Watanabe) EILBRBHKEREGEMN LY ¥ —/KENEF T936-8536 1B &E%364 (Toyama
Pref. Agri. Forest. Fish. Res. Center, Fish. Res. Inst., Takatsuka, Namerikawa, Toyama 936-8536 Japan)
HEPEE (Shingo Ino) E LR BMKERSHM v ¥ —KEMIEH T936-8536 11 TH =364 (Toyama Pref.
Agri. Forest. Fish. Res. Center, Fish. Res. Inst,, Takatsuka, Namerikawa, Toyama 936-38536 Japan)
BHmE: BB B AKES (present address:Toyama Pref. Agri. Forest. Fish. Devision, Shin-Sougawa

Toyama, Toyama 930-8501 Japan)
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1. BEEICH T 3R REERNOEER DOEE
(2) & - BEAIENER C & OREGHLEROEE

n&

ERBIOEEHR B L OB  Fip - I E
W L OBALILERT 272001, EnFhof
B & OVEDERE O A4 B £ AN IR T 5 LEND
B HBFS (2008), HESH GREF) X, 2mML
OTVITDWT, REHER (74N y ) %
F W 72 BE RO % 19994F 1 B 72 520054F 5 A 227
T, BLEKRME L o (), RER
Bl Gt BBymiel), Fri|m RS, ANREEM (58
R, MRS (B BV THERL 2.
F72, EX LI, FEO BN TRRENERRE W8
AR %, 200648 5 B A 520084E128 12T, BIH
BB, FEEEEM, AR B, EHEE
A CEPE) BV THEEL TEB Y (Table 1-2-1),
IS DEBMAFHTILL o TEON RIS, B
B PR < R A AE R PNC X BT 5 Z L R AT,

BEREBICHBTZ2TUDOERBIAEEROEL £
Al o R X OB B o AT R R T B
Z. 1995~20074E12 D>V HAHEILER CGFHRB~ie %
REARR), AAREPIEE (BB R R~ BRI
ORI REZE DT ORETHR L.

7, FBRORBRMAEREPE VT LOLAH -
AT - SRR B B X ORI X A REB X

CEREOWNE T — 7 2 I4ERY - B ikER % 5H
L, Bl B8 OFEHakE TR L TERL
720

R

BHEAOBBRELLBENS -2 HfEINL
7V OFEERNBEHHEMDB X CREROM XA -V E
Fig. 1-2-1-A,B,C, D, E \Z/R L7ze 7z, 20064E2°5
FM L7z 05 5 1 DKM DOEERRIPGRA R T,
ReE B DAL ORI 1ol (12-2 ) B&
VD 2o&H (F) [CHmiEEEDALICE £ 4L
Too F7z, HEPERL TR L7z sRB AR RE R B L
ABEH L adbo2(HES RER)ZOZ LD,
TR (0~ 25 BZEHONE T/ LEE)
ZITWEPLEEL, 3MOMTHE T, eBrED
& LD SR TEEF T 5 b 0 L S n 7z,

INHDT ERS, IRE THEDEFTUEARE
LawdobEz, 7Y OFERMNNIERK T, et
Bk X O RS ER RIS o TR L 7.

BAEICET ST UOFERIEERER HAWILE
HEB & ORISR B 1) B KAER ORI IR
BOFIHEMERE Table 1-2-2, 1-2-3IZ7R L7z 72,
0 DR E R —4ERITBT B 1 5 3

Table 1-2-1 79U 0, 1@fAZRHRE LT 04500y FEBRREERER
Data of release and recapture experiment on 0 and 1 year old yellowtail in the Japan Sea.

Release data

Recapture data

Release point Date Age Number F. L. No. recaptured passed winte:
Released  (cm) fish data age 1 age 2

Wakasa Bay 20 Nov. 2006 0 10 36-40 4 3 2
Wakasa Bay 21 Dec. 2007 0 12 37-40 - —
North coastof o/ oo 2006 1 13 3842 9 9 4
Noto Pen.
Awashima Is. 01 Nov. 2006 0 19 34-39 4 2 1
Awashima Is. 16 Nov. 2007 0 12 34-40 1 —
Awashima Is. 02 Dec. 2008 0 19 37-43 1 -
Oga Pen. 02 Aug. 2006 1 20 41-49 11 10
Oga Pen. 05 Jun. 2007 1 9 36-39 2 1 1
Oga Pen. 11 Jun. 2008 1 7 37-43 3

Total 121 34 26 3 14
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B~2 /Y
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Fig. 1-2-1. X EEERIC BT 5 7)) Efpl RlEE/ S 7 — >~

A0 (P8 (1978) &£0), B: 1w (¥ F), C: 25, D: 3wk (AL (&), FH (F)), E: 4@l (b
B (), ETH (f))

Migration patterns of yellow tail in Tsushima Warm Current Area.

A : 0 year old (after Watanabe (1978)). B : 1 year old; D Small scale migration patterns in the north of Not Pen,
(2) Small scale migration patterns. C : 2 years old; @ north- and southward migration in the north of Noto Pen.,
(2 Small scale migration patterns. D : 3 years old: left; northward period ( O spawning ground, @ small scale
migration), right; southward period (to the west of Noto Pen.); E : 4 years old and over: left; northward period (D
spawning ground, @ migration to the east coast of Korea Pen., ® migration to the northern part of Japan Sea, @
migration to the middle and western part of Japan Sea), right: southward period.
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Fig. 1-2-1. X BIRGIRIC BT 2 7Y SEHGHI EE S & —

A0k (8 (1978) &), B: 1w (Y F), C: 25, D: 3 (e (), ®MTH H)), E:
4P e b8 (), Ml ()
Migration patterns of yellow tail in Tsushima Warm Current Area.
A : 0 year old (after Watanabe (1978)). B : 1 year old; @ Small scale migration patterns in the north of
Not Pen, @ Small scale migration patterns. C : 2 years old; @ north- and southward migration in the north
of Noto Pen., @ Small scale migration patterns. D : 3 years old: left; northward period () spawning ground,
(@ small scale migration), right; southward period (to the west of Noto Pen.); E : 4 years old and over: left;
northward period (@ spawning ground, @ migration to the east coast of Korea Pen. (3 migration to the
northern part of Japan Sea, @ migration to the middle and western part of Japan Sea), right: southward
period.
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Table 1-2-2. HAEALER SIS BT B 77 FE500 - sEEmy - MEEpIEER

Ken WATANABE, Shingo INO, Hideaki MAEDA and Jun-ichi OKUNO

Catch number of yellowtail by age and fishing metod for the same year class in northern waters of Japan Sea.

0 year old 1 year old 2 years old 3 years old and over
year class  set net purse total set net  purse total set net  purse total  setnet purse total
1981 7,046,864 7,046,864 32,078 32,078 8,159 8,159 264 264
1982 7,558,764 7,558,764 333,694 333,694 1,826 1,826 232 - 232
1983 5,990,120 5,990,120 72,568 72,668 51 51 1,522 1,522
1984 6,082,820 6,082,820 139,797 139,797 8,232 8,232 101 101
1985 4,226,543 4,226,643 101,565 101,565 1,198 1,198 1,710 1,710
1986 3,869,806 3,869,806 44,068 44,068 3,447 3,447 1,209 1,209
1987 9,838,633 9,833,633 84,748 84,748 55,295 55,9295 34,425 34,425
1988 3,068,862 3,068,862 118,735 118,735 43,938 43,938 39,981 39,981
1989 3,200,672 3,200,672 189,269 189,269 97,635 97,635 76,058 76,058
1990 10,719,800 10,719,800 206,116 206,116 167,981 167,981 92,316 92,316
1991 4,558,810 4,658,810 205,813 205,813 89,026 89,026 93,479 93,479
1992 3,868,400 3,858,400 108,772 108,772 94,891 94,891 84,519 0 84519
1993 2,603,144 2,603,144 136,019 136,019 45,770 4,946 50,716 62,168 0 62,168
1994 8,417,790 8,417,790 210,173 199,979 410,153 91,309 508 91,817 140,026 0 140,026
1995 8,998,798 84,280 9,083,078 164,474 56,941 221,416 105,717 2,555 108,272 86,377 0 86,377
1996 10,669,911 260,465 10,930,376 190,805 98,090 288 894 189,344 167 189,511 79,454 0 79454
1997 5,359,281 84,028 5443309 141,016 52005 193,020 173,889 87 173,976 75,243 0 75,243
1998 4,217,550 123,110 4,340,669 246,529 10,258 256,787 78,716 1,547 80,263 45,767 0 45,767
1999 6,501,882 201,865 6,703 747 320,593 99,662 420,255 114,444 804 115,248 74,451 30,675 105,126
2000 8,272 060 756,026 9,028,085 136,296 140,754 277,050 64,514 937 65,451 99,031 5,150 104,181
2001 11,840,173 350,615 12,190,788 221,599 288890 510,489 142,327 13516 155843 155,357 0 155,357
2002 5,362,152 684,448 6,046,600 223,717 64,766 288,483 129,228 10,448 139,675 38,477 614 39,091
2003 4,432,879 3,930,160 8 363,039 270,043 217,406 487,450 61,730 112,279 174,009 56,317 33544 89,861
2004 8,123,959 5,085,283 13,209,241 380,612 927,246 1,307,858 223888 179,217 403,105 45389 15527 60,916
2005 11,601,405 3,875,971 15477,375 62,972 683,141 746,113 138,535 87,815 226,350
2006 9,260,913 513,611 9774423 333311 321,592 654,903
2007 8,675,392 2,195,338 10,770,730

Table 1-2-3. HAMGEIEERIHRIZ BT 2 7 V) sG] - 4AE#H - SR R

Catch number of yellowtail by age and fishing metod for the same year class in western waters of
Japan Sea. purse means purse seine net

0 year old 1 year old 2 years old and over
year class set net purse total set net purse total set net  purse total

1985 2,410,960 2,410,960 457,356 457,356 25,862 25,862
1986 2,904,671 2,904,671 158,326 158,326 21,968 21,968
1987 3,862,132 3,852,132 566,215 566,215 105,136 105,136
1988 2,435,041 2,435,041 230,260 230,260 44,109 22472 66,581
1989 2,007,865 2,007,865 255,360 40,896 296,256 55,768 3 55771
1990 4,279,038 61,092 4,340,130 767,189 0 767,189 118,231 121,611 239,842
1991 7,441,124 368 7,441,492 887,875 210,658 1,098,533 105,582 157,009 262 591
1992 5,470,834 128,698 5599,5631 745,504 17,650 763,154 89,893 173,350 263,243
1993 3,407,497 15 3,407,512 464,819 94,413 559,233 65,000 64,881 129 881
1994 8,631,370 2038,235 10,669,605 737,644 290,673 1,028,217 290,747 333,183
1995 5,198,191 2,601,058 7,799,250 145,417 85,913 231,330 43,620 233,134 276,755
1996 8,673,649 1,226,168 9,899,817 232,667 56,330 288,997 58,164 192,945 251 109
1997 3,381,775 1,300,169 4,681,945 188,545 226,564 415,108 36,576 225,199 261,775
1998 4,323,383 1,946,121 6,269,504 246,182 220,554 466,735 48619 55,679 104,298
1999 4,736,234 6,464,679 11,200,913 193,524 852,956 1,046,481 69,260 111,981 181,242
2000 4,346,997 4,352,087 8,699,084 164,816 332,409 497,225 121,798 118,616 240,414
2001 6,206,888 4415895 10,622,783 151,159 504,882 656,041 57,822 332,792 390,614
2002 1,932,760 4,334,125 6,266,886 888,305 537,920 1,426,225 66,447 648,984 715,430
2003 5,398,926 13,438,930 18837,856 542,254 1,732,752 2275006 76,570 274,863 351,433
2004 4,905,103 3,301,427 8,206,630 173,315 419,618 592,932 105,953 536,233 642,186
2005 6,044,895 4,225 181 10,270,077 488,000 410,732 898,732 38,343 623,986 662,329
2006 4,059,746 7,454,525 11,514,272 427,348 723,767 1,151,115

2007 4,029,674 4,667,207 8,596,880
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Relationships between catch numbers at each age of the same year class in northern waters of the Sea of Japan.
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(Table 1-2-2)
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Fig. 1-3-1. £ Hi#EO 7V SIFMEC B 2 8F KR & W BEHR LRk CFYME, S —1395% BEKE) L oE
BB T7NVT7 7Ry PELIBAEEE®RT (Odph: one-way ANOVA, p <0.01, Tukey s test, p <0.01, 5-15dph:
one-way nested ANOVA, p <0.01, Tukey’ s test, p <001)

Relationships between water temperature and log-transformed body length (mean, bar indicate 95% confidence
interval) of reared yellowtail at each days post hatch. Different letters indicate significant difference in
log-transformed body length at each days post hatch (Odph: one-way ANOVA followed by Tukey s test
for multiple comparison, p < 0.01, 5-15dph: one-way nested ANOVA followed by Tukey s test for multiple
comparison, p <0.01)
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Water Temperature (°C)
Fig. 1-3-2. K HEO 7V flFMAKICBIT 2 MEF R E BAE CEEHE = B RZE) oMK

BAbT7N7 7Ny PEBRAEEEZRT (Kruskal-Wallis test, p <0.01, SFEHNEVOLEILIE, p <0.05)

Relationships between water temperature and otolith radius (mean * SD) of reared yellowtail at each
days post hatch. Different letters indicate significant difference in otolith radius at each days post hatch
(Kruskal-Wallis test followed by post hoc test (Siegel and Castellan 1988) for multiple comparison, p <0.05)

10 Sdph A18°C X20°C 022°C r 10dph

- 20dph

Otolith Radius (um)/ Body Length (mm)

W B L N~ G0 ND
T

3 4 5 6 7 8 9 10 3 4 5 6 7 8 9 10
Body Length (mm)
Fig.1-3-3. £ HBO 7 EREIC BT 2B KERT L ORE L FABMENE (HAZE (v m) MAFE (mm)l OBE
Relationships between body length and relative otolith radius ratio lotolith radius (z m) / body length (mm)} of
reared yellowtail at each days post hatch under different water temperature.
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70 - o r1-5 X r5-10 A r10-15
--------- linear (r1-5) linear (r5-10) ——— linear (r10-15)
60 F L y= 6.1844x - 93.343

R2=10.7005

W
<
T

y=1.9479x - 17.027

Incremental width at 4-5 days interval (pm)
N
<

30 L R>=0.3349
20 F y=0.4192x + 6.7764
R2=0.0632
10 '
15 20 25 30

Sea Surface Temperature (C)

Fig. 1-3-4. 20024F, 20034EHZFICH Y FlECTRE S N2 HE10-150 7 ) RARMEMEKIC S
T AERERFEKIRE 4-5 BT & O AIRHEREO B4R

Relationships between sea surface temperature at each sampling station and
incremental width at 4-5 days interval of wild vyellowtail at 10-15 days post hatch
collected at East China Sea in spring 2002, 2003.

36 y T
Wild-East China Sea} Wild-Coastal watersof Noto Penin.| Reared
L7 - P i
] I
I ]
32 i i
i i
30 H i
E g : g T . :
S s | - :
on 1 1
£ i '
e s
LI H 1
w2t L : 11 !
St —_ 1 - 1
=) n=18 1 H
g2 P i
3 5 L Llo]t
x 20 53 i 74 7116119 30 i 130
21
' 0w | 12066 o
1 1 31
16 : )
1 1
14 ; P28
S58 85 SE5BRE gEsZE2 POP
23& < 238352 2355322 =gq
2002 2003 2005 2006
Hatching Month / Year Water Temp.

Fig. 1-3-5. B Fifpd L URBB L EIRRETRE SN 7 ) RAEMRICHIT 5 54LH
T EOHE D OWAE (FHE L EEEFE) LEKEXOFFREMEICBITAHES
DEAE (CFHfHE + {EHERE)

Ring radius (mean * SD) at 5 days post hatch of wild vellowtail hatched at each
month and otolith radius of reared yellowtail at 5 days post hatch under different
water temperature.
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180 r
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Otolith Radius (pm)

60 T
40 t

— Wild-2002 (n=65)
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160 b Reared-18°C(n=96)
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''''' Reared-20°C(n=100)

20
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Body Length (mm)

Fig. 1-3-6. 20024F, 20034EFFIIH ¥ B THRE SN HER20L T 0 7)) RRMEE
BIUOEKRROFEEBEIIBIT AEKE L HEREOME

Relationships between body length and otolith radius of wild yellowtail under
20 days post hatch collected at Fast China Sea in spring 2002, 2003 and reared
yellowtail under different water temperature.

WgLZEZA, FICAE7 mm RmTl, FA—4E
WCBWTHRKBMEAROFEREIEEPIIRKEVE NS
RIS SN (Fig 1-3-6).

z B

HEG 0BT AHEIR2 CRTHEILNEL, &
L CORERBPIENIEERMLTHAbDEHE
ZbhizAs, B0, BERES L OCCOBRORENE
RIRIEE R PIEIT LA NS HES BLTI0T
B8 TR &b 2 X, H#h158 X U0 Cld &/KEK
BChEZ (RES) PEELEL, SKREKIZERE
WEWIERME LN EHEE SN,

— AR AHOAR E HAE (RE & AR
MR ICIEHBEES A MR TVA T L0 (3
BO1997), BMEAKRSICIIZEEOEVIZLIVDAS
B TORRICENE UGG, ThAPEAEOEL
LTHRBOOLNBEEZLOND, MHREOERDNS
FEEMHROBRBKRLHET 2 FEIRILT B72012
3, SMEL7AFARENFNLORERED HVITZED
TRBIAAT B HRDRY D HERICBWT, fk
EBIUOZN2 KT 5 %2 bh s BEARICEEK

BIZEBERDPELD ZENFRUARTH L), HEE
BTREDOL) REAEOERI RO NS F TIZI5H
WrEL-Z LIk 5,

L2 LadSABIE T, HiE5 OB SE CAREZE)
HETIZ2WVIZd 2hb s T HABICEKERETH
BEDPSEDOOLN, HEd COEARE BN OBESE
KIRHE VR B IR ATRIE SNz TOT &I
HRICHTHHEABROMEMNEFFHERRICLDES
D, BAKERIEEKEVWIEIGERALTWSY, Foik
HYERICOWTRBEERBTEMETE Tk,

RKFHETIE L 27T AR EOBREOM, %
S 5 VIZFDOEEISHAT A2 STV
W, BREATRE SN HEHO 7 ) AT, B
F£EN 5108 UL LT O E A R & FREROREK
RICHEZBREEDS ONT, HEE (BLXUHA
BWRER) 1CREL RITTRERERD, $RERE10H
WCTEL->TWAZLERBL TS, KEDIHZD
WHIRE (BLUHEARSHE) CEBTAERIIEE
ZbnaH, 18~22 COFEFKIR T CHEMEHBIHE
HENORHABGI~5 Thotriowd, P{EDBH
O BREOHARIETHHRWEZER L LT
HUBEOREKEVPEETHAI O 2T Z,
FEERTHRKIRICL ZERNFBOONI-HES 2B
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JAELOREY, WERKE RROYPHTB X RRME
R T O HEHGETICH W7z,

HES B A2 RARMBHEOHEAREIL 20 CEB
JU2 CROMEFMELEIEEL T2 00,
2CREYREVTHEHZRTENLZSAON, 7
U OREINITE & HEE S A KIRFTA19~21 C (=
2, 1960), PRMEAT D% < BREE S 1A KR H520~
2CTTHHIErnH (UKL, 2007), ZoOKEW
HAEZRTE O, BEOMI2TIHES
KEWKEFZSFOFLE LTuwi #2124
Vo RIME TR E () PEVERIEE
TAHIEDPE L OHIETHRINTBY (Shoji and
Tanaka, 2006; Tanaka et al., 2006), 7V KK T
b HiliG 5 O TOEBRMERIC BT % HAREOFIYHE
1E, PRERFE THIR LK Hig 5 O EOE A
L D/RNEL BRI E VA, KRBV THE
R E ORICA SN2 8E, ol L CIkdHm
TERV,

FE AR & RMARI B 2168 L BREOMGRE

larvae hatching in April 2005
26 1| * Assume this valueas at 19°C

Mean radius of 5 dph ring of wild

24

22 ¢

20}

Radius of 5 dph ring (um)

16 ¢

R L7z Fig. 1-3-60 5500 X 512, RBJMEAETIE
FRICHERT mm DT ¢, F—REOSFMEMEIIET
HAEESIEZAPICKREL, FELTIDLDICHES
ODHAFICRERENRONEEZONLED, 0
ARAERNE ROV TIISBOMEAPLETH b,
WEFIIZ LT, RAEAEE fEEAETIE, FUR
BoKil, FERETH-> CHAHBHTOHABIIEED
HEEEZLNLEZ NS, MEERTELNEE
Kl & B RO AR E KRA OSSO BB KR
FAEA L Tw L 203 S5 hofIElBnE & 4
%o
REBMEARICB BRI OB Eo Hicst Lz
bOIT L, Hilh 5 OF ANV S WHEINDTED 57z,
BEKESEVIEZEA#BS OFAEIRKEVE WS E
B R ASTIRMEARIC B T & B &L, BRI s
AL L 72813 E3 AR O KRN &2 5,
NIFEH B RIC B 5 7Y OEIiAGR L (18~)
19C (Fics, 1987), REAWHIZBWTHEESIN S
IR KIRIZ19~20 TTH Y (Z4, 1960), 7

Estimated W.T-OR relationship
forwild Yellow tail

" y=1.2269x-5.8283

W.T-OR relationship for
—— | reared Yellowtail

16 18 19 20

22 23 24 25

Water Temperature(°C)
Fig. 1-3-7. 20054 {C e B R Tl X - 7 ) MM BT 5 Hils 5 o P EAE L W2 5{LH

Z & DFEA RO BREKIRDOHEE TIE

Estimating process of the water temperature of monthly hatching ground of young yellowtail
captured at coastal waters of Noto Peninsula in 2005 by using mean ring radius at 5 days post hatch.
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Fig. 1-3-8. 20054F 12 BE B Bin /R CHMESI N2 7 ) KM BT 5 5L TE O Hiln 5 OB Al

R CPgl = B mE) &SRR OHEER

B K T

Ring radius (mean = SD) at 5 days post hatch and estimated water temperature of monthly
hatching ground of the young yellowtail captured at coastal waters of Noto Peninsula in 2005.

DEIIHHIEZEE O MATICHE ) Ko RH-& & bicdk
EF2 (24, 1960) &3 Twbs, EREAOH
gy, REAA B X IR o SRS S HEe
SNARH L oI (LA S, 2007) X431
b ZOKER & E—F LR,

FIT, AWMEOHREBITINT TOMRAEZS
Z, UTFOXHREL, 20054 7 ~12HFH I
REEEBRRECHES N YEAIIOVT, HLH
TEOREEEE X OFOBREKIEEY RITHICHEE
L Thbbh, OEPENTHL4PETNEED
H# 5 0o EAROFYMEIX, EEIIKETH 19T
WKBITAMEET S, @QHES OHARIIRAMEMEIZ
BOWTHEEKENFBWIZERE L, KEICKTLE
AEOEAOHEEIFFREERLE LY, T2 OMR
1318~22 CUH KBTI B CirFrZ L E L
(Fig. 1-3-7),

DI BEEOT T, MLAZTLEOEREDFE

BECRBEOKROREEZ S TIEH LI EITLD, %
W OBRBIKEN 2 A~6 HEEFhTENLEN,
247°C, 215C, 19.0C, 178C, 186 CTHH &
g s (Fig 1-3-8)c O & & AEO K
EBAAE (REFOFR—LR—=Y, 20064E0 2 ~5 H
DETABLIU6 A LG0T —-5%2FH) #REeEL
20054F |2 BB B iR R CUE S 7z Mk f O 8 A= sk
H2A~6 A TENENE Y FHME (RE”L),

W TR (~E), Y TR R A~ LNy

(Lo B~ MRS ), B0 LB (L RSB B 32
~ HAHEG#5 UML), BAEE (L~
B LME SN (Fig 1-3-9), 727501, 4
55 A DS T I O C
0, BT iR BEM PR G OS5
DEFERERD D 5,

Bkl SMEA e V=T 51 LA RO Hif
5 DBAFEOVFHEIIOAEBL, W2bDIEE
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Fig. 1-3-9. 20054 \IC BB L BN R TR S L7z 7 ) Uik BT 2 SMEH T & o g BREKIR & £ H DK
WA (RRTA—LR=TVDOF—5 22MH) DMK

Relationships between estimated water temperature of monthly hatching ground of the young yellowtail
captured at coastal waters of Noto Peninsula in 2005 and monthly distribution of sea surface water
temperature (reference image data on Japan Meteorological Agency s website).
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BOW L TOHEEHERTHY, HMEAPF LT HE
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EV2S, EIUKRBEARIZEIZEEC, RAIELR
o> TWL LBEESNASEOEMD, \BEOMBLS
WEEINS 2~ 6 AOEINEEOI Lo (LAS,
2007) BN I CHPETELZ LIXERES NS,
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WX Y E SN B AP OBERER X OB EAKIRO 54
MAHWTT) RARLOFERRINER SN 5T ik
PEHRRIB S NIz, 72721, KRMA L HATEERTEREK
i, FERETH - CHAHOERFEIIEN O SN
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2, BHAEWIIHRAORBKEOE WL, BAHE
DIEE, IWE OBV OEARIEET 556
EAONBILhD, MEEBROMER T RAMRIIHT
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ET5FEEHE LT LERD D, FRRMERER
BTV AHBEOELAEE MU ORR, L HE
ARIZ BV TIRERKIE L BERROBBRE BT 572
HOFERHITHTEZ L, F—ER TIPS
ENAEBATTO—HORAIBE LN TV RN E
b, ETREYFEER RO E LB THRAERRE
WX DB LN AR, B CTEME & L CHiE
ENBHEY v abB LUHAREREOSEBIIMA,
BN b LmAER—ERTAFL, Ih5OHEE
HEHEAROMBZERLTBLIEDPBEETDH 5,
ZDEDRRBERIIBIAHAOERB LA
OFFERERE L ONE, M@, KBMEEICE
WCHBRBEKIE LM OFAROMBRERTZ &
ki, FHOFAREEEES LT, £ESImAT
A7) Mpfa bk FORERBOBRE L ORE RN
DM R BEBEEAHL 2 LR D, FEHRIRESR
WL V=40, E B X5 FNSOEWD K,
WETREL BB 2 &0, RFEHEOHILIIESHOTY
SR THB L OEREAFEoOR LIRS CHEML

IBLEZLND,
(FEBE%HEA, M%)

HEEERE

JEA% B (Tomoaki Iseki) HAWRAKEIFZEHT T951-8121 HE i Fh 9L X K ENT1-5939-22 (Japan Sea Natl Fish.

Res. Inst, Suido-cho, Chu-ou, Niigata 951-8121 Japan)
FH—# (Kazunori Yoshida) AE#HIFMEL L ¥ —

F085-0508 F BT £ Z il 471 122-7 (Goto Natl Center

for Stock Enhancement, Nunoura, Tamanoura, Goto, Nagasaki 085-0508 Japan)
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WoE

T REFERROKMEEHCBIIEENRHETH LI 0D, TORBICOVWTH L 2LELPHFN,
ML RBHEONMER#R T AV EACTbRTE L (UARIED, 2007). 20X RiERRRHTELT
LHIGOFHBHRLARENESEICL - T, KEEIICBT 2 7)) oEERKOMESHEE SN TS (R,
1967 ; =4, 1960 : Okata, 1976 ; H ™, 1972a:1972b: 1975). $b b, REifid, HEBUE TIIRE 2E)E
B TRV, FILENBEOMTCRERIL - LCHETTA2 LI FHMELBEH 275, £/, RAZENRO
DIZHEA DS UM E TOBLEEZITI X5, Z0O X9 BEADOEERKIZERIC L > TELT 2 T REAYE
WS, 1920-304FEX T HREFFEE £ Tk X ORETF D © M - JUN F TOEEREA, 1960448 TIZ LA
LMBEE T TBLUHEELSIME - N~ FEE~E B Lz ST/ (Hd, 1973), F£72, M wCE
BEEFTHLEWVIEN EBEPEETL bR T WA (BEH, 1961 =4, 1960).

INFEFTHVLNTEL—HRWZERTHEONLAHEEICETAERIE, RELHEHONBEHROATHS, L
7o T, BWEA»SER T COEBOBEREKIITRHTS - 7o 4, BE - KB - KR7T— 7P EMAB XU
EEBDITHNEBATNICERENSLT AN T 2 HCRICE D, BARBEICBGT %7 oo M2
LM ENS GFFIED, 2006)0 KFEMTHFEEEORAEIC L 2EFEOT Y ORBEHRXOMAL KD SN TV,

20064E FE D 5 20084E B § T 34, AWy ¥y —7ad s MFgE [HAFEDESIZ BT 5 7Y O &k
B ORI RERTNFERI] 2Mrbh, KFEEMICB W TP dokE e, = EREEBINR
Wy vy — KEMFEES R=EEKRENTIERT), BMEUKERRY, SERERKERBSOLFIZE > T, KFEM
BHIZBWTT —HANNY T DR LR EITo 770 THITHEEKT, 20044F 3 A2 520064F 1 H12B W Trdek
FERTZERT & = BIRB A HAT IR © & —KFERTZERRIE, REFPEEIC B A2 7 U~ T — 7 4 1\ & FEE TR 4T -
oo T2, OOV 2y MR THO®20094E 4 Bicd, Wi e Yoy MIRSEREICEY, FhETICE
WENAr 7 Z2HAHL CHEBCBY TR T oo ZOWREOHWERICL Y Z7OERSTFHEINLD, 22
TII20094E 4 HF TOBEMERLMO T LD, T—HANNY FEFZAOMFKEFHICL > THLMIE N
BB T OREE B ORI OV TR,

(P53 )

20104£ 2 H10H %% (Received on February 10. 2010)
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2. KFFEICHT BREERREROEERROEE
(1) FEAIEEFICONT

& Tk

20044E 5 520004E 207 T, AREA,SEFRICE
HRFEHFMIBNT, BEAILEAFTTONRD
POREBRBEOTIIZT—HANNE FEFLT
Bt L7z (Table 2-1), Witz EM L72GNE, =k
W, A B, MEEE, REREEM, fFM, R
Wb, fEEWEE, B, HR@EESTHh o
(Fig. 2-1)o Bt fald, ZRFhoiiiird o
H(—EBIEE ) X o T S N B E BTz,
BB OERIE, HAB IS (1967) & i
(1985) #BEZEICLCRAE» LWL, 1 F5 - ¥
ava% 0 JI9Y - b2 % 1E 80 cm Ko
V&2, 80cm b7 ) & 3mllEE Lz, W&

(1967) 1% 3 AnEskeo, HHE (1985) X3 -4 -5
A OERITFHRIEEZ R LD, ATk
FIZ1-5 ALl 2 T o722 &5 5, FUERMER
BRAC Lo TERRBEMTRTIEDRVED I,
A% 6 A& Lize L7z T, 2 ZTHWE
BEOERITMA (1968) &g (1985) OEERICE
LEMOLOTHY, o L) 1EEHEIRIHINT
Who AR, AIET1-5 Bk 2mE L
Lok, WA (1967) BXUOWHE (1985) 2B 5
WIMERMDOLDTH 5o

Hwi7 —Hh 423500 % 70k Lotek## o
LTD2310& Wildlife Computers L3 d MkOTH - 72,
LTD2310Ti%, MEOMEMEIZ 1 5ICEESENT
BY, FRAUKE - KPR - KRGS E T RE

Table 2-1. AFFFEIZE VT, KPERFHER T OBMRAE T -2 B4, B, B OEERK

A4 X (BIE), BRALLT =400 s 7EIK

* Mk9it Wildlife Computers 18, Ltd2310id Lotek Wireless %t

Dates, locations, numbers of fish, size of fish (fork length), and archival tag models used in the
tagging research of the yellowtails (Seriola quinqueradiata) in the Pacific coast of Japan.

*MKk9 is a product of Wildlife Computers and Ltd2310 is one of Lotek Wireless

. ) Number Size of fish Archival tag
Date Location of release of fish (cm) model*
12 Mar. 2004 Shima (34°14°N, 136°52°E) 10 76.5-82.0 Mk9, Ltd2310
. O AN 1A gOEA 6 66.6-69.9
17 Feb. 2005  Shima (34°14°N, 136°52°E) 10 31.5-92 8 Mk9
24 Mar. 2005 Shima (34°14°N, 136°52°E) 12 72.6-91.5 Mk9
26 Jan, 2006 Shima (34°12°N, 136°52°E) 10 68.7-73.9 Ltd2310
. 011 ocns 6 44.7-48.8 n
24 Apr. 2006  Shima (34°11°N, 136°53’E) 12 72.0-80 3 MKk9, Ltd2310
2 Nov. 2006 Sanriku (39°06°N, 141°56°E) 10 36.0-38.9 Ltd2310
North of Hyuga-nada
20 Feb. 2007 (32°38'N, 131°47E) 10 78.0-89.0 Ltd2310
13 Mar. 2007  Cape Muroto (33°13°N, 134°11’E) 10 76.0-83.5 Ltd2310
15 May 2007  Cape Ashizuri (32°41°N, 133°01°E) 10 68.5-84.3 Ltd2310
7 Nov. 2007 Sanriku (39°06°N, 141°56’E) 10 34.0-39.0 Ltd2310
Sagami Bay "
20 Nov. 2007 (35°03°N,, 139°06°E) 10 33.8-37.8 Ltd2310
) South of Hyuga-nada
4 Mar. 2008 (31°28°N, 131°25°E) 10 83.5-93.3 Ltd2310
1 Oct. 2008 Sanriku (39°06°N, 141°56°E) 11 52.2-57.3 Ltd2310
019 o0’ 7 56.2-61.2
12 Nov. 2008  Cape Sada (33°19°N, 132°00’E) 3 68.5-70.0 Mk9, Ltd2310
17 Mar. 2009 Sotobo (35°05°N, 140°07°E) 10 71.5-80.8 Ltd2310
17 Apr. 2009 Sagami Bay (35°03°N, 139°06’E) 7 73.3-77.3 Ltd2310
Total 174 338933 MK Gafish)

Ltd2310 (120 fish)
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od 1

Fig. 2-1. KM T 7)) BRI A

IBTHRRME A= BAEC

FNE S DRREE G EZEFN P RN GEEM ; H Bkt 1 B e

Locations of the releasing point in the tagging research of yellowtails (Seriola
quinqueradiata) in the Pacific coast of Japan. A, Sanriku; B, Sotobo; C, Sagami
Bay; D, Shima; E, Cape Muroto; F, Cape Ashizuri; G, Cape Sada; H, north of

Hyuga-nada; I, south of Hyuga-nada.

T b, MKOTIE, BEE
LOLMEHENRETE S,

T—=HANNY TOEEZENSHTE TOBBIIA
B, BHL (2006) kX2 BHTHAB, Thbb,
JLM & D R Rai O %5 cm ?%f““‘%ﬂﬁﬁ L, MEREP
1z 7’ HANNE TRFALCHEOEREL, BEE

THEWAIC2RKOY— Ny T EEE LT, T—9H

/fﬂ‘JM? TEEEWTH, WK D A2 MEeIED,
FTHRRDIHH L 720

ZEWTI, BAFRRKMETREREEOOER
DREGEEN AL 728k % B /2o 200648111 2
HIZBWTFL(BEE) 36.0-380cm DY a v
F10fE R, 200748118 7 HIZB W T FL 34.0-39.0 cm
DY a v IEHIOEME, 20084E108 1 BIZBWTFL
52.2-57.3 cm ®7 T VR 10ME AR %, BB AP RHE L 720
Hw7z7—Hh 430 % JiE5_TLTD231I0TH D,
AR EKEOWEMEZ 2 5L L7z

HEMTE, TEBRBNHWORBEERICA
L 7z Mk % B v, 200948 3 HI7H 2 B w CFL

- ARSKR - ARPIRIE - KRR

71.5-80.8 cm @ 7Y $HARTOME A4 & M8 )1 77 b CHUIE L
2o O T —h ANV 735 _CLTD2310TH
D, K& AREOUEMEEZ 2 55& Uiz,

B I, B IE BRI
FL 33.8-37.8 cm @ 4 ¥ $4 01048 & % 20074E11 A
2001, MU RBEBEICAMEL A FL
73.3-77.3 cm @ 71) 4T % 20094 4 B17H I
FNENWRERMTRIE L 720 BT —h ANy 7
F3_TLTD2310TH Y, HEMEL 2408 L7,

BEEBEM TR ZEEEE "E:’:J%W}#EH([P
BIUCHMEMO KM EZEMICABL-BEE
W7z, 200448 3 B12B 24k, R HE M THE X i’l,f:
FL76.5-82.0 cm @ 7)) 410 M4 1S, WEEBEE 5
FELZIRDOMKIE 1RO LTD2310%EE L, F
B CHE L 72o 20054E 2 B17H IS, K HM T
B ENT FL66.6-69.9 cn © 7 5 #4466 kB L OF
FL81.5-92.8 cn @ 7" ) $#ARH10ME R, WEMEZ 1
e L7 MROTEEE L, K HMTHIE L 72o 20054
3H24HIE, FHEMCHEE S FL72.6-91.5 cm
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D7) ghiE12EAR, WEMBE 1498 L7 Mk9%
FEL, FHP TR L. 20064 1 A26H Tik
FIEMCHPE N7z FL6S.7-73.9 cn @ 7 5 #4410
Bz, WEMEZ 2408 L2 LTD2310% &4 L.,
FLE W CHE L 720 20064F 4 A 24 H Tl FIE T
BE N7z FL44.7-48 8 cn DA F 7§44 6 AR B L U
FL72.0-80.3 cn @ 7} $aMRI2ME M2, BIERBE L
Gl L78ARKD MBI OHENEZ 20 & Lth
RO LTD2310% %% L, FMEMTHREL 2

R T, SHBEEFTERMOREE
M AHE LB % v, 20074 3 A13H Jam
FL76.0-83.5 cm & 7'V $6FR10ME A % Bt L 7z AW
P27 —=HANNE FIELTD23I0TH 1, Kild & K
OHEREE 2 5L Lz,

JEFRIR T, BAR R K MR o KBl
BRI AME LB R v, 200745 AL5HICBWT
FL68.5-84.3cm @ 7'V $#AR10ME 4R % ik L7zo AW
ToT7—=HANNE FIELTD2310TH b, KRik& KIE
OPEMEE 25 & Lz,

FEHMEN T, ZBREEFITZHELTH
B h @ W B v, 20084FE11H12H 2 B w
T FL56.2-612cm @ b 7 ¢ 7T kKB X U
FL68.5-70.0 cm @ 7' 1) $464 3 R % ik L7ze Hw
22T —HANNVE TIEIARD MKIE 1 4m LTD2310
THY, WEMEEMKOTIZ 148 L LTD2310T

245& L7z,

H kb Ep ik, B0 ELE [/ T i i o0 K 2
T I N EAEE Y, 20074 2 H20H 2B WT
FL78.0-89.0 cm @ 7"V AR 10ME 4R % i L7zo AW
2T = AN E FIELTD2310TH b, MEEEE
24 Lz,

H@miscik, THEBEHMHTEEOREE
EMHICAHELAEEZ HY, 20086834 HI
FL83.5-93.3 cm @ 7' $44R 1018k % B BT K B O
WM L7z HwWiz7—Hh 4307 713 LTD2310
THhHh, WEEEE 25L L.

FEEM, ERE, B X ORI B SRR T
i, BoReioBEOEELIC Y 2 -V EHALTE
O —E 2 FREL L, Bt AOMEREH R %2 4T - 720

DEoDXH1Z, 20043 B252004 4 To
Mz, TAPEKFEEMO I IFFICBWT, 16EIZ
tofmaﬂmﬂwwmﬁ%ﬂw,_moﬁmmwu
Mk9, 120fE4FIC LTD2310% % Lz /27—
AN F 7L, BIGCEMA L2 0b8En 5,

BULENA-HITEOfMBEREHR GEE - &%) BX

RSB L7 MRS 2 & 0K - RAKER & KRS
MrHACTHBHEEEZ T 72, BONABEBHFEHO

AL, WERENMCRTEOHBEEER L), &
BEOEBIEE 2 BRETEEL Tz, 7UIEKFE
CEEBPEEICERET 2 RRATHY ERS,

1967), MEBIIAK G TAI LidhwnwEEZLN
LZEMs, BEFMEHCYT, B5NMAREDIHE
BEHPREOLEHIRICH 5 HAVIBIRE A8 E L
2o S50, BONKREKEDF—FEALEHRE
12X BFRAMAKEBOKFESA L, CTD B L 5K
BOSE 7O 7 7 AV EHIRL, WTRELREEICIESS
WEHELWEELHRELZ, CTDENT—413, Z&
EOKEERTZERT, FIHKILE BHOKER S BT~ & —K
R, MEBET BWKERGREM By 5 —K
FERTZERN, BAEKERBY,, ZREBMOKENIEHT
KEWZE L v 7 —, ROBEMNKENIL Y > & —KiE
Y, BIGROKERE, R BRKERMHE

—EBbDEMEHLL,

REOEHEET — FEYVIRR R E 4T - 7217448
D S H20094F 4 A 30H BLFE T3RMAMA (50.6 %) %
s, 790E 454 %) o T EFENT A
L TEI: (Table 2-2) B L H 77— & BILE
BLRGDIE, T—HANVE TORRRLT -5 7
DHDENLD D 572720 TH b,

20094F 4 AS0H B TR & OB 0w
20094E 3 H /LR & 20094F 4 AABEE 2 B &,
WHRBENOBEHETR 2EE 3SR Lewg & L2004
E 3 HEBEPEEMREETIO % ERETHY, 0
gl L7220074E 11 AHEBEE RO & 3l LT
& L7220084E 3 B H 1A mE SRR BEC20 % & A AR
Tholz, FEEHOBMEL 0MT36.1 %, 1%
T50 %, 2% T55.4 %, 3L LETE6.3 % TH o7z

SRR AR AKARE T E I 2 S R L7z 0 7
20fE M & 1 RIOEGRD S B, 0% 8l & 1 4% 6 R4
PEHE N/ (Table 2-3),

0k (a3 v I80iW) x4 & L7220065E118 2 H
BOREETIE, R L 721008 5 & 5 kAR E 2 &
WoL-CTHEISN, Z05b04 k151, 7,
8, 602H®F— % WL L 7= BB ATIZ, W%
Frfhl (RREL), &L, ey GRS, /E (T
&) Tholz (Fig 2-2)0 WD 5283 H 5 D20074E
8 BIZHITIEBI Ol &E THH & 117z D582 Tt
T—=RANNE T T 5 ERNTELDP 7,

07 (a3 v ahil) Zxtg s L722007411H 7 EI
FRBE T, R L2 10 E e 9 B 3 kTR EE
Wk oTHBSN, TNo0TTH5 2, 30, 58
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Table 2-2. 20094 4 A30HITE, KFENRRTERLLTIDOT — A4V FESERRFEIIBITS
PR - HEEERIN ORI - B &) - 7y EIE )

Estimated ages of fish at release, numbers and percentages of recaptured fish and recovered data in
30 April 2009, in the tagging research of yellowtails (Seriola quinqueradiata) with archival tags in the

Pacific coast of Japan.

Dat Locati frel Age Number of Recaptured fish Recovered data

ae OCAHOM OLICISASE  (year)  released fish  Number (%) Number (%)
2 8 8 (100) 3 (375
12 Mar. 2004  Shima 3+ 2 2 (100 1 (50.0)
totall 10 10 (100) 4 (60.0)
1 6 5 (83.3) 5 (83.3)
17 Feb. 2005  Shima 3+ 10 6  (60.0) 5 (50.0)
total 16 11 (68.8) 10 (62.5)
2 6 5 (83.3) 5 (83.3)
24 Mar. 2005  Shima 3+ 6 4 (66.7) 4 (66.7)
total 12 9  (75.0) 9  (75.0)
26 Jan. 2006  Shima 1 10 3 (30.0) 3 (30.0)
0 6 3 (50.0) 3 (50.0)

. 2 11 9 81.8) 9 81.8
26 Apr. 2006 Shima 34 1 1 ((] 00) 1 ((100§
total 18 13 (72.2) 13 (72.2)
2 Nov. 2006 Sanriku 0 10 5 (50.0) 4 (40.0)
2 1 1 (100) 1 (100)
20 Feb. 2007  north of Hyuga-nada 3+ 9 6  (66.7) 6  (66.7)
total 10 7 (70.0) 7 (70.0)
2 4 2 (50.0) 2 (50.0)
13 Mar, 2007  Cape Muroto 3+ 6 3 (50.0) 3 (50.0)
total 10 5 (50.0) 5 (50.0)
2 7 5 (71.4) 5 (1.4
15 May 2007  Cape Ashizuri 3+ 3 2 (66.7) 2 (66.7)
total 10 7 (70.0) 7 (70.0)
7 Nov. 2007 Sanriku 0 10 3 (30.0) 3 (30.0)
20 Nov. 2007  Sagami Bay 0 10 2 (20.0) 2 (20.0)
4 Mar. 2008 south of Hyuga-nada 3+ 10 2 (20.0) 1 (12.5)
1 Oct. 2008 Sanriku 1 11 6 (54.5) 6  (60.0)
1 7 3 (42.9) 3 (42.9)
12 Nov. 2008  Cape Sada 2 3 0 (0) 0 0)
total 10 3 (30.0) 3 (30.0)
2 9 0 () 0 )
17 Mar. 2009 Sotobo 3+ 1 1 (100) 1 (100)
total 10 1 (10.0) 1 (10.0)
17 Apr, 2009  Sagami Bay 2 7 1 (143 1 (14.3)
0 36 13 (36.1) 12 (33.3)
1 34 17 (50.0) 17 (50.0)
total 2 56 31 (554) 26 (46.4)
3+ 48 27  (56.3) 24 (50.0)
total 174 88  (50.6) 79 (454

HEO7F—% 2B L 720 BHGIIE, BREssi
< (Bl BIUZERE GEEIL BE) Tohork
(Fig. 2-2) o

L& (77 986) Zx5R e L7220084E108 1 B
WETIE, BRI L721018ED 5 b O 6 kA KEER
MERHIC L o THE SN, ThoDTThb 2,

21, 24, 27, 33, 4HM®OF—¥ 2R L7z, HiH%
A&, BORSHAE < (RED), =RemE O, Jtk,
®E), ¥l Tho7 (Fig 2-2).

602H E V) BRENCDA 57— ZHEIRTHI LD
T & 7RI 0 R DOTT OB FERRIE, KD X H T
ol (Fig.2-3)o 0MFIZIE, 20064E11A 2 HICH
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Table 2-3. 7'V ZEREREFCB T 2EHAOKRKEO BN, BXE, #EEFEK BIUHMEBOHN, WK
POBMETORY BRESGH, BEomEEE BIE, FE ABEERERE BN

ND, F, M, BHENBRE AFTHLILENTELRP oDl T =B w2 &, M B2, #REFURT,
T, OB RREIL L o TCT ANV T =S 2B TE ol

Information of recaptured fish in the released group from Sanriku in the tagging research of yellowtails (Seriola
quinqueradiata) with archival tags. FL, BW, GW, ND, F and M denote fork length, body weight, gonad weight,
no data and female and male, respectively. * An archival data was not taken for disorder or loss of the tag

At release At recapture
No. Date (SII;I) (yAeg;) Date Dzlgz;i)o n Location Figs:;lg (E;) g(g C(}gV)V Sex
D0720-1 37.8 0 3 Nov.2006 1 Ayasato set net ND ND ND ND
DO0588-1 ) 384 0 9 Nov.2006 7  Kinkazan set net ND 09 ND ND
D0827-1 Nov. 378 0 10 Nov.2006 8  Kinkazan setnet 375 09 ND ND
xposg2 2006 383 ¢ 12 Aug.2007 283  off Shiogama angling ND ND ND ND
D0877 38.9 0 26 Jun.2008 602  Chikura set net ND 36 ND ND
D2908-2 7 36.0 0 9 Nov.2007 2 Kubisaki setnet 365 07 ND ND
D2901-3 Nov. 34.0 0 7 Dec.2007 30  Shizugawa set net 330 ND ND ND
p29102 297 360 o 4 Jan.2008 58 Kuosaki  setnet ND 07 ND ND
D2901-1 522 1 3 Oct.2008 2 Ayasato set net ND 22 ND ND
D1848-1 53.0 1 22 Oct.2008 21 Kinkazan set net 53.5 2.2 5 F
D4583-1 L 531 1 25 Oct.2008 24 Kinkazan set net 52.7 2.1 1 M
D2890-1 2%8% 57.2 1 28 Oct.2008 27  Omu gillnet 574 2.7 0 ND
D2908-1 57.3 1 4 Nov.2008 34 Kitakami gill net ND ND ND ND
D2957 55.1 I 4 Nov.2008 34  Tsubaki-jima setnet 56.3 2.5 1 M
B O S N CICHEWETHTL, 123 B, RDOE S Thoz (Fig 2-5)0 Wtk 3 5L
LEE 3 HECIRESE, SRR, 43D Lo D46271%, 20094 3 A17H I TR S T

55 HEI THEEMICHE Lz, 1R, B
POANBEMICEHE L, 2 & %o T20084E 6 H26H 12
BRFBEEOTE THH SNz, ThIZHETHEY
BICHEH S oo @Az, 0 - 15 E b ITHRmSEAT
oA LETHT R HHSMETE T L,

S ERRE CREERRE TR 5
ML2m® (7)) ofEkE 3L 1 EE (Ot
R E), #RERETEAr SRR LA 0® (f
T+ M) 10EERB XU 2% (7Y E) TG (A
BERRE) 055, SERRHO 3EUE 1 HEE,
BLUMEELERBEREHO O 2MEEL, 2K
LEEDS, ZRENREEERICL > THH SN
(Table 2-4), BHBFTIE, 3R LONBEREET
EAHEE (R, 0ROMEBRGRE CIPELE
e (R, NE), 2moMBEERRE =Y
BUE (k&) Tho/o (Fig 2-4).

S RCRE 1AL X UHBREROTEE 3 B0 E

b4 A FEEE TEREEEND O KEBHUKEM I
WEL, 4 APEChoTHh S RBILAEMZ# - TH
RAEIEL, 4 BUUHICEERICAB L. ke
0 D2886-1& D2890-11%, 0 e 20074E11 12
MATHRSNTHOHE/HINSL £ T, FERERE
IZHERE LT 7z, HORRER 2 o> D1848-21&, 20094F 4
AITHICRR TR SN T OMBEEENL 2 & 5L
FHAEL, 6 HRICHROZHESHRIE LR,
BELXEHMRE 20044E 3 ARHOEEEREE (K
H) ikmBEEci, Bl 28 (77U ) 81
R 3BULE2BEDTRTHKRIMEBREICL > T
WA S0 %ETICERSh, 209 bo4Ek
PORETAHMOF— % 2T A ENTE
(Table 2-5-1), BEBATIE, i 2 &L H
REEE (FE, M2, HE, 8 BEH FAH B
FOMERERE (EEE) Tho/ (Fig 2-6).
20054F 2 H17TR OFEREE (FH) W T,
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x

Fig. 2-2. 7 V) ERmAAIC BT 5 =8 (HE) K
mEORRME (@) LBMLE (O)  A'k, #
H BRI, KM, HBECFEEN, LD &¥EL.
EE®E . F+E

Locations where the tagged fish were recaptured
(open circle) in the groups released from Sanriku
(Kubisaki, closed circle) in the tagging research of
vellowtails (Seriola guinqueradiata): A, Kubisaki
and Avyasato; B, Kurosaki, Ozu and Tsubakijima; C,
Shizugawa and Kitakami; D, Kinkazan; E, Shiogama;
F, Chikura.

B L7z 18 (7798 6484 3@k (7Y
#) 10EED S B, 155 K, 3L 6EER

KEMEBWBEHVICL - THIED 51,027 B T2
Bilsh o095 b5010E»HHETL27THM®
F—& AT 5 EATES (Table 2-5-2)s O
TR EED04901974 & EIX L 721,028 H o0 7 — % 14,
KIFFIC BT B EREDRERL & o720 BB, M
WAL etk EERE (vH, ME, § &8
B, LR, ZABE), ME®REEE (4, MEMEER
(HoJll, WiH, R Tho7 (Fig 2-6).

20054F 3 A24HoOREEE (FH) W TR,
B L2 (708 6MEL 3mL (7Y
) 6k b, 2E5MEMEE IEU 4K
PHRIEEEIZL o THRIE» S54330% F CICERH S

N, ZOFTRTPSF— ¥ 2ENTHI LN TE
(Table 2-5-2), 727201, 0490192-2Tix7 —# 4 23)b
¥ 7O b~ o A T 020054 7 A 20 H AT 5
POBERTHRENTEY, 20RBIELNIT—
FIIRPNRE & KIEDATH o 72 BREAIL £
PRBEEE (5, LR, RE, $A3E ), W
EEE (EEE), HERfR (HHEH) Thork
(Fig. 2-6)

2006%E 1 H26 B oEEBEY-E (FIE) WRUREE T,
B L7z 1% (7798680 108405 B 3 AR
BEBEICL > TRE»L3UEHE TICHERH S,
FNLDTRTCHLTF—F5ENTHLI ENTET:
(Table 2-5-3), FHELHTIX, KIFEBRE (BB
EIUERT AR (BE) Thol (Fig 2-6)o

20064 4 H26 H OFEEEEE (FIB) WREREE T,
B L7z 0mk (£ F 7 86#h) 6MEEL 2% (U7 Y
D) IMEARB LU 3RUELIEADI B, 03
Ttk e 23 9B X O3 E 1 EARAKIE &
MERBIC L o TR B33THEB T TIZHR s,
EFNLDTRTCHhLTF—F2EINT LI ENTER
(Table 2-5-3)c BEHEIE, TTOEKIZBNT
AR BREOREE (WY, FH, EB BE,
4, LR, Bl F=AHA) THoz (Fig 2-6).
0490027 D FF & XAV D 6 Th o 272 DI FHH
LEMHIIAETH L), ZEEAO T EE (78
BN 2OOWMATH 728w,

20044E 3 HI2H IS A H S S 7z 2 7% S ik &
MU E2EEDHY L, 25 3MEMAkE 3L 1k
D EEREEASH O & o7,

HRIFIZ 2 TH - 7RO BRI T O L 9
Tdh o720 0390160 & 2000 AEF ML T L, HiEH»
LENZENILHAM L 23H B ICAEFF B ER O T A
L7z (Fig. 2-7)c 0390159i3 it S Nz B 2 IZ A
W, 4 BICIEMEEREIGEL, 5 HETEIICHE
L7ze TOHELIIHWIZADI, 3E%Ro726 Ad
59 HE THERERICHE L. 107 IIERICED
LCREBFEIICEL, 11012 1@ MERcEE L
%, BE1RICHURETRCBE L, Mm-S &k
T20054E 3 ALIBICREHATHEBE I (Fig 2-8)-

MR 3L ETH o 720 SR T O
£ 9 TdH o720 03901661 & N7z BT IS A,
4 BICIIMEREAEICEL, SHITHFIICHEL
T2o FOBBIIED, 4D EE%R o726 HIZiZEM
BRIV F22s, § CICRERFEICRE L CRED 2 A
FCEIICHEEL, 20054E 3 AIIB WA HATHBS L
7= (Fig. 2-9)

2000F 2 AI7HICH A s n/A-3mL L
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OAO

D0877
Age 0 (2006-2007)

® 2 Nov.2006

/

Mar. 2007

Dec. 2006 - --cw-emmmm-mm7TT I

</N> DO877

Age 1 (2007-2008)

Jun. 2007~ Dec. 2008

26 Jun. 2008

Fig. 2-3. 0BEM2006%E11H 2 HIC =R (EK) »olmsh, 20084 6 A26HCHVE (T8) THEHE

Nz DOS7T7TD#E) - @ITHUAALE, ORHEHUE

Migration of D0877 that was released from Sanriku (Kubisaki) in 2 November 2006 (when age zero
vear) and recaptured in Sotobo (Chikura) in 26 June 2008: closed and open circles denote the locations

of the release and the recapture, respectively.

Table 2-4. 7' 4V E B L CHHBEBORIEIC B 5 BIAORREO B, BLE, HEEH, B & UCHHRFO HA,
Mt bEMETORE, BN, FHOWEREE BXE AE, ERRES
S+ 3 LEZ, ND, F, Mid, HiSh B2 AFTLIENTERP o 72DIIT— 703 %W &, i,

Mz, ThENRT,

Information of recaptured fish in the released group from Sotobo and Sagami Bay in the tagging research of
vellowtails (Seriola quinqueradiata) with archival tags. FL, BW, GW, ND, F and M denote fork length, body
weight, gonad weight, no data, female and male, respectively, and 3+ denotes 3 years and over.

At release At recapture

No. . FL  Age Duration . Fishing FL BW GW

Date  Location (cm)  (yean) Date (day) Location gear em) (ko) (o) Sex
10 Dec. ..

D2886-1 20 Nov. .. 35.7 0 2007 20 Ajiro set net ND ND ND ND
2007 Ao 7 Sep

D2890-1 37.8 0 2008. 292  Kawana  setnet ND ND ND ND
17 Mar. Kamo- n 14 Apr. .

D4627 2009 cawa 80.8 3+ 2009 28  Ajiro set net 790 79 165 F
17 Apr. .. 23 Apr. .

-2
D1848-2 2009 Ajiro 73.5 2 2009 6  Akiya set net 738 67 102 F

1W0EED S B, SHAEOREREFHL»E o
72o 0490193-1, 0490192-1, 0490198-1i% 7§ i fA] 2~
Wy, 0490193-11 6 H # 1 BEBF ¥ B &6 o Ju RS,
0490192-1IZ19H B I IMER R EOHESAIZ, 0490198-1
FOHBICINEEE RO MBI, FhEnELL
(Fig. 2-10)6 7—HANNE % BT H I EHRTE

drolzb oo, 0490006D KA 557 H # I E R
TROBONCHE N 133BEO7F—7 %155
Z L DOTE0490004-1 DB ERERIE, ROLHTH
o7z (Fig. 2-11)o < OEMITHIRETE ICMA» Y, 3
AW HERAAIEL, b HETEIIHE L,
5 BT EBKEZ I E U CEREFTISEL
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Fig. 2-4. 7 ) BB E S BT 558 (BID B
X OHHERE (M) BB oliE (@) &L EH
# (O) C ABN G BEHE S CHM; DINE
Locations where the tagged fish were recaptured
(open circle) in the groups released from Sotobo
(Kamogawa, closed circle) and Sagami Bay (Ajiro,
closed circle) in the tagging research of yellowtails
(Seriola quingueradiata): A, Kamogawa ; B, Akiya : C,
Ajiro ; D, Kawana.

7298, 4Pl b6 B3 —RICTHER BRI
FTRY, &5ICHIIE - T20054F 6 H30H (CREE
DO ETHE I Lz, 0490008-11%, RURHET <Icl
Wi 3 AICIEUERMERICEL, 5 AETEIK
W L7, 20M#%, 5 HBPIC—FIIHIED, 4
PDEbEER-726 B5BED 3 A T CHRINBEATICH
BL, BE»o 2B OB TR EO2064E 4 B21HIZ
REHOHCTEH SN (Fig 2-12).

20054F 2 HI7THIWCH Ao lmE N2 1K 61
oI L, SEEOBEEREIFEL P E R o2,
0490195-1, 0490002-1, 0490202, 04901991, #hFih
R A 566, 81, 86, 283HZBICEHM NS T THMF
FEERIGEICHER L (Fig 2-13). AR TR
EHMTH»51080BOF— 5 BT ENTER
0490197 DR ENRREE X, RO X ) TH - /2 (Fig. 2-14)
ZOMEMEE, Wit 4 BEE TRAEBERICHR
7ot 5 AICIGRACEETEEY L HEMBRICEE L
T2o 2HE&E T2 o 7220054F 6 A 5 5 20064F 3 A £ TR
FEVRD S MEFRRICHE L, 4 FICUERER
PO EBERENRICBE LTS B THE L. 3%
&0 7220064E 6 A5 4 O20074E12H £ THI & 5
& Z OB L, 2007412 L2 B BRI T H
Hahiz,

Table 2-5-1. 200440 7' 1) AL (B H) BB B 2 FEMAOKRKEO ON, BXE, fEEEH, BIU
FiHEOBA, R, ST E O, BHSH, BHoBEmEE BEXE, & AEBEs 0

3+1E 3L L%, ND, F, M, HHiSN/BREAFTEIENTELPo22DIIT—F 0w e,
HE, FREWRT, *Tl&, 770OMEIEHEECEIoTCT— ANV T -5 5 /BLIENTE LRI,
Information of recaptured fish released from Shima (Katada) in 2004 in the tagging research of yellowtails
(Seriola quingueradiata) with archival tags. FL, BW, GW, ND, F and M denote fork length, body weight, gonad
weight, no data, female and male, respectively. © An archival data was not taken for the disorder of the tag.

At release At recapture

Mo Date ((};Ir;) (}/}egai) Date ng:;l)o " Location Flgs(];;?g (2];1) g{g ((}3 Sex
*0390165 78.0 2 17 Mar. 2004 5 Nishiki  Setnet 780 7.7 241 M
0390160 78.1 2 23 Mar. 2004 11 Ugui Setnet 77.0 7.8 328 M
2009 79.1 2 4 Apr. 2004 23 Ugui Setnet 785 84 380 M
*0390158 78.2 2 22 Apr. 2004 41 Hoza Setnet 79.0 ND ND ND
*0390161 12 Mar. 77.9 2 8 Feb. 2005 353 Aso Setnet 825 99 490 M
*0390162 2004 81.1 3+ 7 Mar. 2005 360 Aso Setnet 855 11.2 539 F
0390159 78.5 2 11 Mar. 2005 364 Haida Setnet 81.0 9.0 323 M
0390166 82.0 3+ 11 Mar. 2005 364 Katada  Setnet 87.0 10.6 428 M
*0390137 76.5 2 23 Mar. 2005 376  Aso Setnet 812 9.0 338 M
*0390108 78.0 2 7 Mar. 2006 725 Saki- Setnet 849 108 215 F

hama
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D4627
Age 3+ (2009)

D1848
Age 2 (2009)

D2886-1, D2890-1
Age 0, 1 (2007-2008)

Fig. 2-5. 3 LLEMFD20094F 3 H17H ICHLEE (BB H ot S, 20094 4 B 14 H ICHE
B GRA) THE SN D462TORBE) 2 mEEO2009%F 4 A 14 B IS R 25w s,
20004F 4 H23H A (FkE) THEM SN/ DIMSOBE) ; 0k m20074E11 B 20H (248
BE (A 2ol s, 2007E128 100 ICH#E (J) THEH 2 iz D2886-1 & 2008
E9H T HICHEE UI%) TEHH SN D280-20%E) « @it iriE, OFHEHMNE
Migrations of D4627 that was released from Sotobo (Kamogawa) in 17 March 2009 (when
age over three years) and recaptured in Sagami Bay (Ajiro) in 14 April 2009; D1848
that was released from Sagami Bay (Ajiro) in 17 April 2009 (when age two years) and
recaptured in Sagami Bay (Akiyva) in 23 April 2009; D2886-1 and D2890-1 that were
released from Sagami Bay (Ajiro) in 20 Nov. 2007 (when age zero year) and recaptured
in Sagami Bay (Ajiro in 10 Dec. 2007 and Kawana in 7 Sep. 2008): closed and open circles
denote the locations of the release and the recapture, respectively.

20054E 3 H24H WCHF EP R L2 3 L 68
o b, 4BEAORBHBEENPELI L Lo
0490193-20 i a3 CIlCBICBE L CEME» o 5
WETOERIGEL, 4mbEE % o783 20064 2
BEFTEIICHE Lz, 208, 2 ARKEIIAICE
BL, WK, 5348 HED20064E 3 A 7 HICINEFME
BOEERIELEZAZERINL (Fig 2-15) 0
04900101 FERFEEZ BT L, MIKAHI10HH T TIChE
BRI RR O KM E L7z (Fig 2-16). 0490020-113,
B RS ClCmIcBE) L CIERTE R S BHKE
BICBEIL, SHAETEFICHE L, 0%, 4%
UbeZ%olz6 BICHRICBEILT, 7THPLEED2
AECaRMEIrSPREICELEHBICHEE L, 3AK

OISR L C U ERTE RS D B BB E
L, 5HETR2ZFITBILALBICHEICREL, 2006
45 A26H ICHEBF R O FAFIEL-L AR H
Hahi (Fig 2-16). 0490319-1iF, Wi # 4 <
VEICRE) L CIUER 50 & BRKGEMSICBE) L
SHETEIIWHE Lz 4BUEER 726 AICE
WEBELT, 7THAPLEEDO2H T TEMNE,LHE
WELBRICHEE L. 0%, 3ACIEEUEIE
B L CIHERETE RS S EHRKEIMNEE EE L CRERIC
ZEL, SHEITEFITHAILABIZEIZES L,
20064E 5 H3IH ICIWEREEREOEMEBIELLEZA
HEE I (Fig 2-17)

20054 3 H24HICHE»HRGE L7z 2 5 6 kD 5
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Table 2-5-2. 20054E > 7 ) EEEEE (FH) HREBICBI2EHAORKEBEOAN, BRXE, HEEH BX
CHBROAM, RE»ro8lE coR, B, BHoREEE BILE & 4EESE HH
3+ 3MLLEE ND, F, M, BRiZ N8 EET AFTHEI LN TELDP - 22D T =B nI &, I,
W, TNEFRT, *TlE, 7 7OMBETERECLoCT DA NN TFT = 2 BEIENTELRD o7
T, BEB X UERIOKRE v —ORED D, FRODT = A NN F— S FERLIENTE R o,
Information of recaptured fish released from Shima (Katada) in 2005 in the tagging research of yellowtails
(Seriola quingueradiata) with archival tags. FL, BW, GW, ND, F and M denote fork length, body weight,
gonad weight, no data, female and male, respectively. * An archival data was not taken for the lost of the
tag. ** Light level and external temperature data were not taken since these sensors were destroyed.

At release At recapture
No. FL Age Duration . Fishing FL BW GW
Date (cm)  (year) Date (day) Location gear (cm) (ke) () Sex
0490193-1 9238 3+ 232%"0% 6 Kuki setnet 916 120 433 F
0490192-1 898 3+ 8%‘3‘; 19 Shiina setnet 928 123 ND ND
0490006 870 3+ 15 Apr. 57 Kano- et ND 104 ND ND
2005 kawa
0490195-1 667 1 24%*(’)2’ 66 Katada  setnet 67.1 45 39 F
0490198-1 04 3+ 272%%2 69 Komame setnet 930 132 909 F
17 Feb. 9 May 2
0490002-1 Joos 666 1 o 81 Katada  setnet  68.0 45 3 M
14 May Nigi- .
2 = o
0490202 68.0 1 2005 86 shima angling ND 5.7 ND ND
0490004-1 880 3+ 30 Jun. 133 Matsu- et 883 93 34 F
2005 shima
0490199 678 1 27;]000“5' 283 Wagu setnet 779 71 44 F
n 21 Apr. s
0490008-1 815 3+ Joh 428 Nishiki  setnet 854 99 456 M
12Dec. Cape .
0490197 68 1 e 1028 O anging ND 93 ND ND
0490010 854 3+ ’7/’(‘)%2 10 Taiji setnet  ND 103 ND ND
7 .
0490029-1 770 2 “22%1(’)‘5' 29 Ugui setnet 775 82 239 F
0490027-1 770 2 242’?)‘3‘5 31 Hoz setnet 770 73 251 M
0490318-1 780 2 5;38? 4 Hoz setnet 774 74 408 F
" 24 Mar. 16 Feb. Yy .. N
0490035-1 Mo 790 2 o 329 Kajika  setmnet 832 97 78 F
0490193-2 852 3+ 7 Mar. 34 Saki- setnet  90.1 125 277 M
2006 hama
£
0490192 769 2 1 May 403 Kuki setnet 826 100 1,063 M
2 2006
0490020-1 885 3+ 26%[82 48  Ugui setnet 886 85 43 M
0490319-1 915 3+ 31 May 433  Komame setnet 935 98 54 M

2006
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L K

Fig. 2-6. 7V B IAIC B 88 (FrH, f1E) BRBEORVE (@) L FHHiE (O):
AWl BRH, ME:CER; DMy, #ili, FE EH FBE GRS AR RH %
B, TORE CHFAI, Kt TEEIE, M4 0 ] BE KERWE, L EoJll, il S cHl

FNHIIIZEIR T T H3E S B

Locations where the tagged fish were recaptured (open circle) in the groups released from
Shima (Katada and Wagu, closed circle) in the tagging research of yellowtails (Seriola
quingueradiata): A, Nakiri; B, Katada and Wagu; C, Hamajima; D, Aso, Nie-ura and Hoza; E,
Nishiki; F, Shimakatsu; G, Matsushima, Kuki, Haida, Kajika and Nigishima; H, Ugui and Taiji;
I, Sakihama and Shiina; J, Okitsu; K, Cape Asizuri; L, Kainokawa and Komame; circled area by

dotted line, Mie Prefecture.

B, 4B EEREE S S 2 L o 7. 0490029-1
IREBPE A B T AP IS 2 5290 B FE AT
TR B, 0490027-1 & 0490318-11% 13 & A E B Hj ¥
FTIFNFNIIABLCRABICFBETHERBEN,
(Fig. 2-18)0 0490035-1i%, fith S 1+ ARRER G
FEERICHREL, S ACHEEBERIIBEHL
Fo%, HEERERETOBECEZOBICHIZED

3ME R o726 ANSLEED LB T TEMNEL S H
FICEL Y L2 BICHICBEI L, 20064E 2 B
6 ICREBF M OBBIE L2 A ZEH I
(Fig. 2-18),

2RECTHUR SN CTL03HBRICRE O LR THIH S
N 7-0490192-21%, R RIS - CTHEEE LI
FEL/, LAL, HiE2»5113H%0 7 H22HICHEE
ERAKEDOE 2B LA PP s
TRy, ZOBROBEHERIAHTSH -7,

20064 1 A26H ICFIE 2> &R L7 1 s10ME o
2%, 3EEROEBEREIHES & o7z, D053 E
D0628-11x ik S1I3HZICEB THE SN, £ T,
AR EREICE £ 5 Tz (Fig 2-19). D062714,
BUREN T2 LEED 2 A £ TRLERZIHA L

TBICTICREI L, 20074E 2 A24H 2 HEE OB
FELZEZARER SN (Fig 2-19),

20064F 4 F 26 HIZFIEA & Hi L7z 2 11K D 5
L, 9RO REREREIHL P L o, D084,
0490002-2, 0490198-2, 0490029-2, 0490318-2,
DO717-1, DO7194%, Bk o E £ TOUE 2 7 F
BB L, IT4ABICHEY T, 2540 BICHH
T, 27T0HBICHRET, 205HZICRT (2/4k),
260 BICFAIBLUMT, FRENEH S L
(Fig. 2-20), 0490195-2i%, Mt 6 A & THRAEE
WEICHEEL, 3Eho/z6 HiTEMNENSHE
WELWBBIIBEH L. 20H® - ) LW
v, IZAEE TICRAEEIEIGEL, 200742 A24
HICREEF RS oFEAHTHE SN (Fig 2-21),
0490027-2i%, MimERMPEREZBE T L, 3mE
o7z 6 BICIHREAE BT R, O NERERREICE S
BICEL, FIICI0A T THE Lz 1TAKBHEICE
BL, BEO3HAKDLYEE TERMEISHEICES
WEHICHE L, 20074 3 H2O0H ICEH S A ERTIC =
HEIBFEORTICBE L7 (Fig 2-22),

3L ETHIR SN T6ABICRTHI SN
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Table 2-5-3. 20064E 0 7 Y BERE (FE) WEBICBIT2BHHEAOREROEN, BLE, HEER BIU

OB, BR» ol ToHY, BHGH, FHOEEREE BXE KE AWRESR 115

3+1E3mbE%E, ND, F, MiZ, BN AB8RETAFTLIENTERP o 72D T w2 &, I,
HE, TRLEFWRT, *T, F70BBI-REECLoTCT =4 NV T = 2B L ENTELRD 72
Information of recaptured fish released from Shima (Wagu) in 2006 in the tagging research of yellowtails
(Seriola quingueradiata) with archival tags. FL, BW, GW, ND, F and M denote fork length, body weight, gonad
weight, no data, female and male, respectively. * Light level and external temperature data were not taken

since these sensors were destroyed.

At release At recapture
No. FL  Age Duration . Fishing FL BW GW
Date Date Location Sex
(cm) (year) (day) gear  (ecm) (kg) (9
19 May -  Shima- " "
D0584 687 1 2008 (RETR setnet  70.5 63 338 F
26 Jan. 19 May ,  Shima-
D0628-1 ooe 697 1 008 (RET setnet 725 59 184 M
D0627 693 1 242%"‘5’7' 394 Okitsu setnet  ND ND ND ND
DO711 464 0 ]428()%1’6‘ 141 Nieura setnet 560 3.0 ND
DOg14-1 761 2 172%(6;6' 174 Nakii  gillnet 827 78 8
21 Oct. Hama- .
DO0712 48.8 0 2006 178 jima angling ND ND ND ND
D0835-1 465 0 17 12\10056' 205 Katada  setnet 612 34 3 M
0490002-2 765 2 SZJO%;‘ 254 Katada  setnet 825 102 59 F
21 Jan. .
0490198-2 75.7 2 2007 270 Haida set net 84.0 9.1 10 M
26 Apr. 6 Feb. .
*0490193-3 803 3+ 286 Kuki setnet 83.5 11.0 249 F
2006 2007
0490029-2 730 2 152%%1’7' 295 Kuki setnet 81.0 104 414 M
15 Feb. .
0490318-2 7372 2007 295 Kuki setnet 820 108 303 F
16 Feb. .
DO0717-1 74.0 2 2007 296  Ugui setnet 80.5 99 392 M
16 Feb. .
DO719 748 2 2007 296 Nishiki  setnet 835 115 297 F
0490195-2 749 2 4%3‘;‘ 312 Ugui setnet  83.5 10.1 191 F
0490027-2 70 2 29 %‘8‘; 337  Mie Pref. ND ND ND ND ND

0490193-3i, Mtk b MHEBHEITHR L7222
B2 5165 H % D10 17 BB & 4t kino & >~
Y—2BRLIEA P -7 EINTEY, 0RO
BEIREEIEIARATH o 720

20064 4 A26H (B2 I L 72 0 7% 6 & D
25, 3EEOEERBSHES L %o, DOTLL,
D0712, D0835-Lid it A & il = T oMM Z i
BHERETHY L, MIHZICEM T, 1T8HRITEET,
205HBZRICHHET, ThthfEflshi (Fig 2-23).

EFERORE 20074 3 A13H O F R GEHE T

TR L7z 24 EARB LU 3IBULE6EED S B,
2 2R L 3D 3RS KRR E B L B &
S THEDPOTIARZ T TICEBEsR, TA50TX
TS TF—F % ENT 5T EATES (Table 2-6),
BREGIE, B ORE), RERRERER (=400, N
ErRE (W), MERER (AR, k) <
-7z (Fig. 2-24),

REFIC 3L ETH » 2B REREEIZIDTO
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£ Th ol DI7431E, HiEd CICMEREWERI
BEL, 4, SAZFZTHEIL, 48UEERS
726 AWCIEEICRB UCHEERICEL, 7 BEICH
BIBELTI2ETITEFIICHE L, 2007412H21H
WIHBEOXKEMTHB X (Fig 2-25). D1843-1
i, 4HICENEEERICBELCIHZTEES
THEIL, 4B EEo726 AICHEICBEH L TR
MEED»SPEICELEEIEL, BEO1IHITE
FITHEIL, 2RAICEBUHEICEELT20074HE2 A 8
HICHEB SR OEAFICE L IATEH SN
7o (Fig. 2-26), D1841-21%, W& s CICMERE
BICBEIL, 4, SHZFZCBIL, 48U EER
o726 BLREES 2 I Ligld, B4E 2 BICRICE
B L CREEBIERIGE L2257 CICHER IR
h, 20074 3 B30H IR ETHE SN
(Fig. 2-27).

BOREFIZ 27 CTdH o 7o flAEO HERK DT O X
I THoTze DITA-LITHIRBIEICRE L, WE»5
3B5HEO 4 A17H IC U ER TR O DA R CHH S 1z
(Fig. 2-28)c —77, DISMOBEIRERIE, kDL T
Hotz (Fig 28). ZOEMFITHFTEET CICTEICEE)
LT4 ACIINEREREICEL, FIICE8WELR
#I2 5 B BB E) U CUEREE R SRFEIGEST
WIZEAKBIE L. 6 HIZ3Eko72d, £
WCHHER R E D S LB RICE S WFKE L 20
A, BEIHECTHRE L, COMO8 ARSI
A, AR EEITOBEIAON, 3HAKR
LB ETICBE L CHEREIEL, 4ETEEITE
SU7zB, BOBICREILCS BICRNERHRER,S

FPREBETRICELEEISGE Lz, 4 E & - 722008
F6AM»S, MEBRREYOEALEERICESLHE
KB & ZFOHBIZHEE L, 20094 2 A24H I E R H
BOWBTHEH®B SN,

EIBRE 200745 A15H 0 BEMR IR T
3, BRL2E7EAEBL IR E3EEDS
b, 25 MM E 3Ll L 2 EARARE E B L b
WBLTHDIZ L o THIEA 566 H % % CICHE X
n, Fhoo3RChLF—F2zHNTAEIENTE
7z (Table 2-7), HBATE, BRESHITFHE (B
M), MEREE (S, BHEKEEIETHo
7z (Fig. 2-29),

BURES NWzF— 725, 7HEKOEHERENHS
mER ol IMUETHK LA DIZBL-1, BIT
2 B THUFE L 72 D1850, D1849-1, D1855, D1848-3
i, FEACRECSICHEREERICHEE L (Fie
2-30)0 2T L72DISH3E, 3ME R oD
TUEFE P A & TR ICHER L7s, B S N5 ERT
CHICEE LT 2 A27THICHEFERAEO =3 CTHE S
N7 (Fig 2-31)o 3Ll ETHIE L7z D1742-200%
BRI, kD & S Th - 72 (Fig 2-32). ZDEMEIE,
BmsET CCBBAREICBHL, 4RDEE R TH
EDO2HEFTEICWE LA, 3ACHm#EZET
LCHERIC#E L7z 4 HE T CREMICHEL-RICH
ML E LT 4 B FAICEEKEICAD, 5mlE
Lo TI2A 1 BIC/KEMBTHMEINS T TEBK
BICHE L7z

CHBRCGER 20084E11 A 12H OfE H MR R T
W, B L1 (b7 8 7EEOH B0 318

A5y

0390160, 2009 /’&\f\vﬂf
Age 2 (2004) N

Fig. 2-7. 2 BB 020044F 3 A 12HICREEE (FrH) 2 ST &4, 20044 3 H23H & 4 A 4 HICREHEE (FEAH)
THE#E S NA-0390160 & 20090 B E) © @Ik E, OIXHEMME

Migrations of 0390160 and 2009 that were released from Shima (Katada) in 12 March 2004 (when age
two years) and recaptured in Kumano-nada (Ugui) in 23 March and 4 April 2004: closed and open circles
denote the locations of the release and the recapture, respectively.
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0390159

Age 2f20,04), W/i\mﬁ wd;;(/
M% e f}@f@\/@”@”
3 1

2 Mar. “‘.
e Apl‘.—May .
ﬁg :
L. I &
B f
uO// :
;
]
[}
0390159 Ay W\/
Age 3 (2004-2005) : P N
- - by A
Y’ u’%«%ﬂ (BEE T Sy 11 Mo, oo
s v 375 2005 N i
—> °

: -
Mct. 5004 Nov. - Dec. 2004
- Sep. 200 ,

Iun.
un Jan. - Feb. 2005

o

Fig. 2-8. 2MFM20044E 3 A12H 1R (FH) 253 h, 20054 3
HI11H CREErEE (B H) CTHM SN/203901590#8) - @ 3iiwE, Ol
B E

Migration of 0390159 that was released from Shima (Katada) in 12 March
2004 (when age two years) and recaptured in Kumano-nada (Haida) in
11 March 2005: closed and open circles denote the locations of the release
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and the recapture, respectively.

EHBFIDIC L o THREA,LIIHZ E TICHME I,
ENLDTRTHhLT—FZENT LI EHFTER
(Table 2-8) FHiMATIE, WD & T AMFEHFT
EOEHRELOATSHY (Fig 2-33), ThbIidH
WEINDL T TRIEHFTELLICEHE Lize —5h, 28T
B L7z SEAIERZZEH SN Tw v,
HeE#bEBomes 200748 2 A20H @ H 1 A 57
(R BURRECIE, BURL7Z22 1 BEB LU 35
DRSO B, 25k LKL 3mLLE 6 Ik
MEBEHES0ICL o THRIEAD H386H % £ CITHH
BN, ENHDOTRCPLTF—F 2T H T &AT
&7z (Table 2-9), FHIGIT I, BOLSHITE (RE).
Him#Era s (P, B, MANEER (7 5a3),
H AR o fe% - B R () Td - 72 (Fig. 2-34) .
3L LTI 6 A0 BIERIA 5 & o7z,
DI742-13 ¢ CICE T L TR, H14HED 3 A 6

HICH# TR s hz (Fig 2-35), D0588- 8 &L U
DO8142-213 i # ¢ WS T L CHEMIEL, 3,

4HZZZTHBI LA, SAKERBMmM#EZL L,

D0588-21& 5 A 7 BIZHRBHITE  DRBTHE S
720 D0814-213 Z D& AL B LT 5 H I3 BHKEITH
BL, 4P LERS726-7 HITIZEAMTICA-
T, 20074E 8 H 6 HIZ LMo 7 # a/RETHE S
72 (Fig. 2-35)0 DI739-LidMii#%§ M T L Ci#
BICEL, 3RAPO4RUELERoLBOIAET
EEIWEHE L, 10 I3 HmEEL b B L CTEBK
BICAD, BEOLIAITEIIHEE LABEFUHA
Wz T L, 20084 1 A25H I HE#ERTER o> & 12 5%
L7zt ZhzmEfasniz (Fig 2-36). D0879id, X
WD BI#ELER D b BERACGEIHRIC E 2 I
L, 5 ARFICEZEKELZIE L TP NEISEL 2
4L E ol b BED 2 AT E TP WIS
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'-s'A"“,\W (/r
0390166 e W Ve
Age: 3+ (2004) Py ﬁ

ﬁ*“wﬂ& &Kﬁ ‘“,};’?‘i@ ?

§ N i/
# g‘:% k N \‘\ 7
G fﬁNi(ﬂ "' /" 12 Mar.
) o / Apr'. - May .
5‘"{2},’3’&;’/ 1
7 . .
. //;, ]
o :
!
1 s
3 e S
0390166 by P

Age: 4+ (2004, 2005)

? & Jul. 2004 - Feb. 2005

Fig. 2-9. 3Ll ERF20044E 3 A12HICERE (FH) 25t Eh, 20054
3HAIHICEE (FH) THEEN/-03901660# ) : @i iiE, Ol
IR VAT

Migration of 0390166 that was released from Shima (Katada) in 12 March
2004 (when age over three years) and recaptured in Shima (Katada) in 11
March 2005: closed and open circles denote the locations of the release and
the recapture, respectively.

WL, 2 ABEUBICESAREE Hm#EER T LT,
BMIELAE ZA%20084F 3 AIZHICHB SN
(Fig. 2-37), D0835-2i%, WMikEdT CICHM T LTRE
WCEL, 3., 4 FITHEILEBICS HIZEAMN
ViR s L CHAMCAD, 5 29 ICReELE BN
BEOWETHEM SN (Fig 2-38),

2 W THUHE X 17z DOS27-240 Hie it 35 7 J8 a1 i 54
L, BRED»5450#H 020074 4 A 6 HICEBETHEIHS
7 (Fig. 2-39),

HE#rab i RaE 20084 3 A 4 H o H ke &
(BB R MomBEcik, Bk L2108 A 2 kA K E
FEEIZL > TRR» 534BT TICHBXN, £
DHILDOIEEIPLF—FERINTHI ENTEL
(Table 2-9) BIHHINIE. BURHHHL (HBH) B
LU BHE (REENIGEFEHIER (75))
TH o7z (Fig 2-34) . 7 R THEH S /- D1849-2 Tl
T—=HANNY FERENTDIENTELRPoT,

RSN 3L LI0VEED S B, 1 A [EE
BEBEPHGS &R oz D29S2-21IMEBETCICHT
LT4, 5H#ZHERCHRIL, 5 ACIZHmEZ L
FUTEBRKENTIZEL, 4ULEER 726
BB ED2AFTCIoBRICHEEL, HEEE:
BT LAEZA%20084E 2 A2IHICEMTHIE I
(Fig. 2-40)

z =B

HREBEOERBERTE AL TIE, HlAoBEHRIZ
IV EBPET B EREELZITHLT, BLELD
BikAOEREHEEL, 7 #IHITD VTS0 cm Kl
EVERBICLT, 2mE IRMU LI L 72, fiﬁlmu
2o 1 ERICEHB SN BEROBRLEOEIC
&, BREFT0-80 cm Td o F2AE D% < H380-85 cm
12, HEER80-85 cm T&H - 72k D % < 7385-90 cm
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0490193-1, 0490192-1, %A,&v_\%ﬁ\%« ( -
0490006, 0490198-1 ’,15 {/
Age 3+ (2005) paiy . C S
S Iy NG e s o
DD I N A N ®17Fch o ¥
Lo é ¥ \6 N /@ .
%’yf s w F -
3 y 3 Feb. S
v j N / 15 Apr 8 Mar X
Xl;f} o 27 Apr
P IS
"o ;ﬁ

Fig. 2-10. 3L EWRED20054 2 H17HICERE (FH) 25 M S 41, 20054 2
H23HICRERIE L) TR S 1720490193-1, 20054 3 H 8 HIZMEFEHER (HE
%) THHEN720490192-1, B X U20054 4 H15H L27HICUEREE (Ho
NEETHE) THE S 1720490006 £ 0490198-1D £ 8) : @I HALE, O

VAT

Migrations of 0490193-1, 0490192-1, 0490006 and 0490198-1 that were released
from Shima (Katada) in 17 February 2005 (when age over three years) and
recaptured in Kumano-nada (Kuki) in 23 February, southeastern Sikoku
(Shiina) in & March, southwestern Shikoku (Kainokawa and Komame) in 15
and 27 April 2005: closed and open circles denote the locations of the release

and the recapture, respectively.

0490004-1 f%w_»«%% 7 p

Fig. 2-11. 3L LI D20054 2 H17THICEE (FH) »olmah,
20054E 6 A30H I[CREEFE (IVE) THH S 11720490004-10%8) - @13k
miE, OBERVE

Migration of 0490004-1 that was released from Shima (Katada) in
17 February 2005 (when age over three years) and recaptured in
Kumano-nada (Matsushima) in 30 June 2005: closed and open circles
denote the locations of the release and the recapture, respectively.
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0490008-1 S f .
Age 3+ 4+ (7005 2006) % (/
= ":’2«4, ki\é‘x
. ﬁ.@r L @‘@}‘ # )«;17& Pog
& 0 ,,,/ NS ; 2005 <2 @P«g/f
54 0
= } é TN ‘
‘cé‘? y 21 Apr.  Jun. 2005 -
/ {" Mar - May 2006 Mar. 2006
¥ ,ﬁ’,) ~/ 2005
o V]
S ’ rj
oy 4

Fig. 2-12. 3 UL EBD20054E 2 H17THIZEE (FHD) 5l sh, 2006
f£4 A21HICREEFEE (88) THW 3 N720490008-10%8) - @i iuiE, O
WXV Migration of 0490008-1 that was released from Shima Penmsula
(Katada) in 17 February 2005 (when age over three years) and recaptured
in Kumano-nada (Nishiki) in 21 April 2006: closed and open circles denote
the locations of the release and the recapture, respectively.

0490195-1, 0490002-1, g?‘?“‘wwm% ﬂ}/ Va
0490202, 0490199 55 l/
Age 1, 2 (2005) ‘ — M&@ - é /{? - %%\Q
N 5 e N Ga N
a %“g} ey U AaMay = T
/’gﬁy 7 /ﬂ\\/«/ N 17 Feb ; &
‘gﬂf — 12 Apr., -
4 / 9 May,
vi 0 J 27 Nov.
“‘ &
"0 af

Fig. 2-13. 1 mEED20054E 2 A17HICEE (FH) »oHmsh, 200544 B
248 &5 B9 HICREE (FH) CTHH X 717:0490195-1 & 0490002-1, 20054F
5 BI4HICREREE (ZARE) CTHEE S N/20490202, B X U20054E11H27HIC
BB (HIE) CHXN/204901990 8 8) « @TBURME, OXFEHiE

Mlgratlons of 0490195-1, 0490002-1, 0490202, and 0490199 that were released
from Shima (Katada) in 17 February 2005 (when age one year) and
recaptured in Shima (Katada) in 24 April and 9 May 2005, Kumano-nada
(Nigishima) in 14 May, and Shima (Wagu) in 27 November 2005: closed and
open circles denote the locations of the release and the recapture,
respectively.
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0490197 = s a
Age: 1, 2 (2005-2006) P o
. S
; 4 s g W%wi*:’liw \j 17 Feb PRI
%3 1 L,:; 7 2005 -~ *Z ’érfj
beah s \r\ )
%;i? /% “;v;’ A Apr. 2005.
o May 2005 -

)/: /{ Apr -May  Mar. 2006
x;i}\« 2006~

A

A ’/:A
o i ‘\
i
T -~
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Migration of 0490197 that was released from Shima (Katada) in 17 February
2005 (when age one year) and recaptured off Cape Ashizuri in 12 December

2007: closed and open circles denote the locations of the release and the
recapture, respectively.
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Mlgratlon of 0490193-2 that was released from Shima (Katada) in 24 March 2005
(when age over three years) and recaptured in southeastern Shikoku (Sakihama)

in 7 March 2006: closed and open circles denote the locations of the release and the
recapture, respectively.
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Migrations of 0490010 and 0490020-1 that were released from Shima (Katada) in
24 March 2005 (when age over three years) and recaptured in Kumano-nada
(Taiji in 3 April 2005 and Ugui in 26 May 2006): closed and open circles denote
the locations of the release and the recapture, respectively.
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Migration of 0490319-1 that was released from Shima (Katada) in 24 March 2005 (when
age over three years) and recaptured in southwestern Shikoku (Komame) in 31 May 2006:
closed and open circles denote the locations of the release and the recapture, respectively.
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Migrations of 0490029-1 0490027-1, 0490318-1, and 0490035~1 that were released from Shima
(Katada) in 24 March 2005 (when age two years) and recaptured in Kumano-nada (Ugui in
22 April, Hoza in 24 April and 5 May 2005, and Kajika in 16 February 2006): closed and open
circles denote the locations of the release and the recapture, respectively.
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Migrations of D0584, D0628-1 and D0627 that were released from Shima (Wagu) in 26
January 2006 (when age one year) and recaptured in Kumano-nada (Shimakatsu) in 19 May
2006 (two individuals), and Tosa Bay (Okitsu) in 24 February 2007: closed and open circles
denote the locations of the release and the recapture, respectively.
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Migrations of D0814-1, 0490002-2, 0490198-2, 0490029-2, 0490318-2, D0717-1, and
D0719 that were released from Shima (Wagu) in 26 April 2006 (when age
two years) and recaptured in Shima (Nakiri in 17 October 2006 and Katada
in 5 January 2007), Kumano-nada (Haida in 21 January 2007, Kuki in 15
February 2007 (two individuals), and Ugui and Nishiki in 16 February 2007)
: closed and open circles denote the locations of the release and the recapture,

respectively.
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Migration of 0490195-2 that was released from Shima (Wagu) in 26
April 2006 (when age two years) and recaptured in Kumano-nada
(Ugui) in 4 March 2007: closed and open circles denote the locations of
the release and the recapture, respectively.
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Migration of 0490027-2 that was released from Shima (Wagu) in 26 April
2006 (when age two years) and recaptured in Kumano-nada (Mie prefecture)
in 29 March 2007: closed and open circles denote the locations of the release

and the recapture, respectively.
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Cape Muroto in the tagging research of yellowtails

(Seriola quinqueradiata) with archival tags. FL, BW, GW, ND, F and M denote fork length, body weight, gonad

weight, no data, female and male, respectively.
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Migrations of D0711, D0O712, and D0835-1 that

were released from Shima (Wagu) in

26 April 2006 (when age zero year) and recaptured in Kumano-nada (Nie-ura) in 14
September, Shima (Hamajima in 21 October, and Katada in 17 November 2006): closed
and open circles denote the locations of the release and the recapture, respectively.
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Fig. 2-24. 7'V BEERHOR BRI BT A EF IR B O R E (@) & HHAE (O) :
AXRE  BFEAH  CHl . DEFWN . E AR F L

Locations where the tagged fish were recaptured (open circle) in the groups
released from Cape Muroto (closed circle) in the tagging research of yellowtails
(Seriola quinqueradiata): A, Ohara; B, Ugui: C, Tomo-ura; D, Cape Muroto; E,

Iburi; F, Isa.
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Migration of D1743 that was released from Cape Muroto in 13 March 2007 (when age
over three years) and recaptured in Sotobo (Ohara) in 21 December 2007: closed and
open circles denote the locations of the release and the recapture, respectively.
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Migration of D1843-1 that was released from Cape Muroto in 13 March 2007 (when age
over three years) and recaptured in Kumano-nada (Ugui) in 8 February 2008: closed
and open circles denote the locations of the release and the recapture, respectively.
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Migration of D1841-2 that was released from Cape Muroto in 13 March
2007 (when age over three years) and recaptured in Cape Ashizuri (Isa)
in 30 March 2008: closed and open circles denote the locations of the
release and the recapture, respectively.
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Fig. 2-28. 2 BFm20074E 3 HISHICE FIRA, S S, 20074 4 A17

WEFEI (DIAER]) TH® A D1746-1, B X U20094 2 B24H cl
BRI O H CHIE S /2 D14 ) - @i E, OREHLE
Migrations of D1746-1 and D1844 that were released from Cape Muroto
in 13 March 2007 (when age two years) and recaptured in Cape Ashizuri
(Iburi) in 17 April 2007 and southeastern Shikoku (Tomo-ura) in 24
February 2009: closed and open circles denote the locations of the release
and the recapture, respectively.
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Table 2-7. RRBWMBGRA IS T 5 BHAOMKEO B, BLE, #EER, BIUHEROOMN, EHSHE
WEcoH% BHSH BRHoWEEE BIXE, E SmEEs &9

3+1E 3T, ND, F, Mi&, B SN BGE AFTHIENTERP /27Dl T - w2 &, I,
Wx, FRENRT,

Information of recaptured fish in the released group from Cape Ashizuri in the tagging research of yellowtails
(Seriola quingueradiata) with archival tags. FL, BW, GW, ND, F and M denote fork length, body weight, gonad
weight, no data, female and male, respectively.

At release At recapture
No. FL  Age Duration . Fishing FL BW GW
Dat = Date Location Sex
© (em) (year) (day) gear  (cm) (kg) (g)

D1854-1 80.5 3+ 24233]7 70 Kubotsu set net 852 69 10 M

2 Dec. off Cape .
D1850 72.0 2 2007 201 Ashizuri angling ND ND ND F

10 Jan. off Cape .

- 2
D1849-1 s 74.6 2 2008 240 Ashizuri angling  81.0 7.9 51 F
DI853  May 700 2 272%%"8' 288 Mitsu setnet 791 81 115 F
2007 4 Mar off Cape

D1855 71.7 2 2008 294 Ashizuri angling 80.2 9.0 213 F
D1848-3 705 2 23 %3%‘ 313 Kubotsu setnet 788 73 134 F
D1742-2 843 3+ IDec. g southofBungo purse g5 Np

2008 Channel seine

A
o]
D B
¢]
C

Fig. 2-29. 7'V ERAMAEIC B 5 AWK HE OV E (@) & FiE
L (O) - A= B CEMM (ME) ; D BEREREED

Locations where the tagged fish were recaptured (open circle) in the
groups released from Cape Ashizuri in the tagging research of yellowtails
(Seriola quinqueradiata): A, Mitsu; B, Kubotsu; C, Cape Ashizuri (Isa); D,
south of Bungo Channel
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D1850, D1849-1, D1855, D18483 Ve
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Fig. 2-30. 2 mRF20074E 5 AISHIC M6 it S 1, 200748128 2 HICRfEW T
B X7 D1850, 20084F 1 H10H IC B TR S /- D1849-1, 20084E3 H 4 HiC
JEFRIRh CHEAE S L7z D855, 20084E 3 B23HICETEN (fE) THE sz D1848-3 (L
FERER), BLU3mL ERO20074 5 AI5HICEEM 2 5 &, 20074 7 B24H
RIEN (BE) TEIENL DISS-1oRE (TH) : @HuiiE, OWHEHiLE
Migrations of D1850, D1849-1, D1855, and D1848-3 (upper) that were released from
Cape Ashizuri in 15 May 2007 (when age two years) and recaptured in Cape Ashizuri
in 2 December 2007, 10 January 2008, 4 March 2008, and 23 March 2008, and migration
of D1854-1 (lower) that was released from Cape Ashizuri in 15 May 2007 (when age
over three years) and recaptured in Cape Ashizuri (Kubotsu) in 24 July 2007: closed
and open circles denote the locations of the release and the recapture, respectively.
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Fig. 2-31. 2 EED20074FE 5 A15H BN & M 2 41, 20084F 2 A 27 H W U E M B H
(Z#) THE SN DIB3DEE - @IIiKiE, OXFHiE

Migration of D1853 that was released from Cape Ashizuri in 15 May 2007 (when age
two years) and recaptured in southeastern Shikoku (Mitsu) in 27 February 2008: closed
and open circles denote the locations of the release and the recapture, respectively.
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D1742-2
Age: 3+, 4+ (2007)
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D1742-2
Age: 4+ 5-|— (2008) i

Fig. 2-32. 3 UL LIGo20074E 5 A 15 HAZ RN D & Bt & 11, 20084E12H 1 HIC #%K
BRI CEE SN/ DI742-208 8 © @ 3uifiE, OIXFHiiE

Migration of D1742-2 that was released from Cape Ashizuri in 15 May 2007 (when age
over three years) and recaptured in south of Bungo Channel in 1 December 2008: closed
and open circles denote the locations of the release and the recapture, respectively.

NBELIIE LD DRBISE SN e holze ThBDS
Heh O E R CRIFEICEE LD TH o7
LTh, EIRBICBUNAEDIICRES Z Li3dhnt
EZ 5N,

HrR (1973) &, HEATB &£ UN19634E D 519654 DIE
AR AS R B L, T BB RT I IS R & R
e o 2 B LTzl L, 196048 ClddE
BEE D SR O B OEEICEL LAz e B2 o, —
7, ARERETIE, BB A CHIEBICE T EL
7 VBB RWZI 0T, AEEE LTS & B
ANOT ) EAOREEZED N Lo/, 20 L IHIT,
BALEEO 7' B o BE#HPIIEA L & SIS L
TBY, HATCEREE L oML EINEREL TWid
DA, 196048 TIIAREE & oM o FEIREEICE/L L,
B Tl T Em N - WER T BRI S h
TLEW, EXBEUCHEIBERICES Z Li3dbhniif
E 3Nz (Fig 2-41D),

FOAKE - R EER I EFIRRECR O N2

DT, ROUKEICERT LAY, 2, 3HCEBH
ZhME U CIHER G AR ICEL, 5, 6 HEICH
wmﬁmﬁofmwgif%zu%%ﬁé%@@%é
(Fig. 2-42) s T 2TV RPKEIIE, SR A
POMERREEL L CHENERTLEI NS, KNI
TR ORBERIIET D0 1 BEIFHERS R
DHTHo72H, FFFEERED S INEBERERIZER
557 ) RAORKERNKE LT, BREVELLOT
H59o

Bk - BEFE BRI B AL S - BB
J ORI EICR SN 0T, ~&KL E%
THRMAED, 2, 3ACBEERG L CHERIC

5, 6 AEICEBKEIIRE > TROLETEZ ‘%@
TEHLDOTHAS (Fig 2-43) TT T EHAKEI

, WMREAERET A EN S,

EWWHLﬁﬁgﬁiﬂwwmmﬁ IReNhb®
T, FFEIE CTREBELICHE 630 TH 5,
WA EBEOFEEZIURH2SH SN TwAd (BEH,
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Table 2-8. 7 ) EHIMEHEIC B 2 BHAOORFERO B, BXE, #EBEW BIUCHBEBEOBN, Bgy
LEMEFCOHE, BWSAT, BRHoNEEE EIXE KE EREREE 5

F, M, M, #Hz, #hLF7NR7,

Information of recaptured fish in the released group from Cape Sada in the tagging research of yellowtails (Seriola
quinqueradiata) with archival tags. FL, BW, and GW, F and M denote fork length, body weight, gonad weight,
female and male, respectively.

At release At recapture
No. Date (Eri) (ﬁ;%i) Date D‘(lg:;i;) n Location Figs?;?g (frIle) g(g (;Jg;] Sex
D4588-1 562 1 3 2%%"5; 21 offCapeSada angling 564 22 1 M
0490035-2 Nolvz. 580 1 e %%Cg‘ 43 offCapeSada angling sgs 25 12 F
0490002-3 2008 584 1 92F()%b9' 89 off Cape Sada angling 568 25 1 M
.

Fig. 2-33. 7 V) ERBHR R A BT A £ BB O Bk
ViE (@) LEHuE (O @ AEmHE

Locations where the tagged fish were recaptured (open
circle) in the groups released from Cape Sada (closed
circles) in the tagging research of yellowtails (Seriola
quinqueradiata): A, Cape Sada.
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Table 2-9. HAEEILE S L O ME 7V MRHICB Y 2 HHAORKKEO AR, BRXE, #EER BIUHEEE
OH, REIrSBEHE O, BHESEH, BERoOBEEE BYXE FE EEBREESE MR

3+ 3%, ND, F, Mid, BHEINAEKEAFTEILNTERDP 272D F— 3% 0w &, ik,
BE, FNFIRT, "TREZFEFERTAIENTE LD o7,

Information of recaptured fish in the released group from north and south of Hyuga-nada in the tagging
research of yellowtails (Seriola quingueradiata) with archival tags. FL, BW, GW, ND, F and M denote fork
length, body weight, gonad weight, no data, female and male, respectively. * An archival data was not taken for
the lost of the tag.

At release At recapture
No. FL  Age Duration . Fishing FL BW GW

Date (cm) (year) Date (day) Location gear  (cm) (kg) (o) Sex
D1742-1 89.0 3+ 6 zf\ggg' 14 Nango setnet  89.0 111 319 M
D0827-2 780 2 6 2/?)1(’)"7' 45 Fukashima setnet ND 80 ND M

7 May .
D0588-2 87.0 3+ 2007 76  Fukashima setnet 850 83 ND ND
20 Feb. 29 May _—

D0835-2 2007 89.0 3+ 2007 98  Saikai setnet  89.0 10.1 9% F
DO0814-2 86.0 3+ 6 ZA(;J(% 167  Kudako angling ND ND ND ND
25 Jan. N .

D1739-1 84.0 3+ 2008 339  Kushima setnet 87.5 125 462 M
12 Mar. . X
DO0879 840 3+ 2008 386  Kushima setnet 87.1 10.8 743 M
9 May Hupo
# X
DIB492 . 865 3+ 2008 66 (Korea) Stnet ND ND ND M
D2952-2 2008 550 3+ oS 354 Kushima  setnet 90.0 12.0 485 M

Fig. 2-34. 7)) BRI IC BT 5 HElb s L CHEERREOREMIE (@)
EHWHNE (O)AZFa BBRE CHH, DM, EEM FH#E:G 7R
Locations where the tagged fish were recaptured (open circle) in the groups
released from north and south of Hyuga-nada (Urashiro and Kushima, closed
circles) in the tagging research of yellowtails (Seriola quinqueradiata): A, Kudako;
B, Fukashima C, Urashiro; D, Nango; E, Kushima; F, Saikai; G, Hupo.
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D1742-1,D0588-2, D0814-2

Age 3+, 4+ (2007)
Y/YM\

un. - Jul!

Fig. 2-35. 3 LI EEFD20074E 2 B20H 12 H addbi#Bo & i 2 L, 20074E 3
H 6 HICHMEMEE (M) THEE SN DI742-1, 20074 3 A 7 HIZ H IOk
b (R E) THIH S /2 D0538-2, B L U2007E 8 A 6 HICHFANGE (7 ¥4 3)
THEW S/ D0814-20 % E) : @I FumiiiE, ORFHHME

Migrations of D1742-1, D0588-2, and D0814-2 that were released from
north of Hyuga-nada in 20 February 2007 (when age over three years) and
recaptured in south of Hyuga-nada (Nango) in 6 March, North of Hyuga-nada
(Fukashima) in 7 May, and Inland Sea (Kudako) in 6 August 2007: closed
and open circles denote the locations of the release and the recapture,

respectively.

1961 + =4, 1960), ZhidifasEs OREEL — &
BROFRIZL B DOTH Y, [ UEEIA L ISR

BICh7zo TR UERICHER L T 5089 »HiET
WEhdole T—0A43NVF 7% B2 A e i,
REEDIIBTHLFEIDI o TRESBHL
BROBAPFEETAIEVHL N 2ol RTEIED
S OEICE LR TIE T ) ST BRENTONTS
D, CORFEFECIOHLHTZLELTwEEEbN
Bo TUEMTEEZEEBEBRBIILHHI LMD, #
7 & OIS BRAT E BT A REES R X
N5, —HT, BEHEED?ORMSEFICELLERD
FERES Nz Z &hn, RSB L EEROBRIZEE
EN2HOTIELRL, BLIZHDTHHEEZDL
7z,

TATEKREREICBT A7) READEEIZDW
T, Btk E N BRI B TENN B EE %
1o, HBEBUE TR RKERBH2ThhwI &,
BEICHRE SN T\ 5% (Okata, 1976H &1, 1972a), —
F., TURANEET LI LIEEL A5 HLN TV

bOD, ZOFEMIZOWTRERBIHTH o720 FHFZE
T, RPEREICBT 5 7 ) BAICIIMA 5L 3
DORG BHAERB X BN R EERSH D, Th
SHEFI, AR, PEFTIRL, BRICEER L
R EHOFYMRINEZ 5L E A 5N, Thads
=% (1960) D9 7Y Bt O F L [l O B 7 K
THbH9)o

BHEREOR Y | PRI H 00O T, BUR
TIERBHATH 5, T2, BLEHBEHENTH-TDH,
FENGTOWBMIIERICL - TER L E LB
BENTD, ZOHRAZHL P TRZ V. TD—FT,
FELEE»OHEMEERIEL, BERKELETHER
BRICETER LRSS, 3 CIRBHEIIR - 72613
Holzo RilpHEERENDORYBR P, EINEERSR
AW 72 S O ER 2 2§ BREE R A D L HFIZ 0w
T, #FLOBRHDPLETH S, £ODIT, AT
BONTVWBERIT L OKIEEKEDT — 5 ZiHEHT
LI ENHMTHA )
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D1739-1 /
Age 3+, 4+ (2007-2008)

4

Oct. 2007 -
Jan. 2008

25 Jan. 2008

Fig. 2-36. 3 mELLLRF020074FE 2 A 20 H i H AL 5 4 & Moo S 41, 2008
1 AEICHEERE (B CTEi SN DI739-108E) - @I13iiK
g, OlXHHiE

Migration of D1739-1 that was released from north of Hyuga-nada in 20
February 2007 (when age over three years) and recaptured in south
of Hyuga-nada (Kushima) in 25 January 2008: closed and open circles
denote the locations of the release and the recapture, respectively.

D0879 -
Age 3+, 4+ (2007-2008) - (ﬁf
v May 2007 -
o I Feb. 2008

A

20 Feb. f@
- 2
2007 Feb. - May 2007
12 Mar. 2008

Fig. 2-37. 3L EEE20074E 2 A 20 H 2 H AL E A & Foit S, 2008
£ 3 A12HICHImERES (BB E) THE S 172 DOSTOO K E) « @I TiE,
ORBEHME

Migrations of D0879 that were released from north of Hyuga-nada in 20
February 2007 (when age over three years) and recaptured in south of
Hyuga-nada (Kushima) in 12 March 2008: closed and open circles denote
the locations of the release and the recapture, respectively.
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¢

D0835-2
Age 3+ (2007)

Fig. 2-38. 3L LEr20074 2 H20 B (< H EEALER A Sk S, 20074
5 A20H ICHEB B (9dE) CTHE S/ D083s-20 K8« @I HITALE,
OlEHLE

Migration of D0835-2 that was released from north of Hyuga-nada in 20
February 2007 (when age over three years) and recaptured in west of
Noto (Saikai) in 29 May 2007: closed and open circles denote the locations
of the release and the recapture, respectively.
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D0827-2
Age?2 (2007)

4

Fig. 2-39. 2 afFD20074F 2 H20H 2 Hm#kdLER2 & v, 2007464 A 6 B
WHEEEALE (RE) THIE SN DOS27-20 %8 « @ILKRME, OFHH

(AT
Migrations of D0827-2 that were released. from north of Hyu

ga-nada in 20

February 2007 (when age two years) and recaptured in North of Hyuga-nada
(Fukashima) in 6 April 2007: closed and open circles denote the locations of

the release and the recapture, respectively.

D2952-2 ~
Age 3+, 4+ (2008-2009)

M

May 2008 -
Feb. 2009

21 Feb. 2009

J

Fig. 2-40. 3Ll LR D20084F 3 A 4 HIZ H A EEFEE 2 5 Bk

S, 20094

2 A1 A EE (B M) TH S/ D2952-20 2 E) : @IZ U ILE,

O FEHiE

Migration of D2952-2 that was released from south of Hyuga-nada in
4 March 2008 (when age over three years) and recaptured in south of
Hyuga-nada (Kushima) in 21 February 2009: closed and open circles denote

the locations of the release and the recapture, respectively.
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Year / season

2 3 4 5
Area 0-1
Summer | Fall | Winter | Spring | Summer | Fall | Winter | Spring | Summer ‘| Fall | Winter | Spring | Summer | Fall
Sotobo lllIl-lllIllllI)‘ rllllllnl)‘ r )] f..-...}
Sagami Bay )]“‘ 4Illlllll> ‘4 )h 4IIIIII>
Enshu-nada llIlllnIll..lll)h‘ fL \ rL )J‘ l---:--)

Kumano-nada )J \q @ l )4 \
Cape Muroto @ l 1 I

Cape Ashizuri ) {{(.1

Hyuga-nada

Satsunan L. J

Fig. 2-41. M ~ WEREESEER B T4 7 OEERES @ ERIEARFE CHE I N8, mgilsE
SNAHEBE . @AW bNIzTHA S ED

Migration pattern of yellowtail (Seriola quingqueradiata) that belongs to the migration group between
Enshu-nada and southwestern Shikoku. Solid and dotted arrows denote migrations confirmed and supposed
in this study, respectively. Closed circles denote spawning expected in this study.

Year / season
2 3 4 5
Area 0-1
Summer | Fall | Winter | Spring | Summer | Fall | Winter | Spring | Summer | Fall | Winter | Spring | Summer | Fall
. N,
Kii Channel PEX] IIIIIIIIIIII}‘ D o )‘ A‘
Cape Muroto \ :
Cape Ashizuri @ q '] '@
Hyuga-nada 3 }l “1 -
Satsunan L.J ‘O

Fig. 2-42. %K E - RS ICE 5 7)) OBERN @ ERIEAMECHEINBE, SRIEEILE
&) @RI b2 TH A ) B, QRBEESNALEIR

Migration pattern of yellowtail (Seriola quinqueradiata) that belongs to the migration group between Kii Channel
and Satsunan. Solid and dotted arrows denote migrations confirmed and supposed in this study, respectively.
Closed and open circles denote spawning expected and supposed in this study, respectively.

Year / season
2 3 4 5

Area 0-1 .

Summer | Fall | Winter | Spring | Summer | Fali | Winter | Spring | Summer | Fall Winter | Spring | Summer | Fall
Bungo Channel """""""')‘ Illlllllll)‘ )‘ ~»

A
Cape Ashizuri “ -
C
Hyuga-nada k. :
A 13

Satsunan O e 7 l @

Fig. 2-43. B8 - B HEFICET 5 7Y o EER | ERITARTECHRAINLBE, SRIIEEENIE
By @IIARWIZEHIC T h N2 TH S ) B, OiEE I b E

Migration pattern of vellowtail (Seriola quingueradiata) that belongs to the migration group between Bungo
Channel and Satsunan. Solid and dotted arrows denote migrations confirmed and supposed in this study,
respectively. Closed and open circles denote spawning expected and supposed in this study, respectively.
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PRHZESH (Hideo Sakaji) HOesKEERFIERT T 236-8648 FHETT & IRIX#EHI2-12-4 (Natl Res. Inst. Fish. Sci, Fukuura,

Kanazawa, Yokohama 236-8648 Japan)
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3. 7VUD%E - Bl & BEREORBGROMEA L RESTFAFEORRE
Woa

T, A0 OBRICEY Fil~JUNELEE R FEIRSE LT, BB TREO LR bz L
ME E TOHAREDWIIMAL, K HL&0KIRTRINCHE THEES S (UKS, 2007), % 0RO %
TREBEME $90, TERLEOBEC I > THBESIND, 7)) OBEBERIIRECELHZR LIS, Bino—&
ZilloTwa (FES, 1998 H, Hih, 2010). 7V HOMEMBERIZI910EMRITIE 2 b VRl TH - 7225, 2000
FRATE 6T+ Vil A, BULIEERN 2EAKECHZ, LrL, RYMCHENMENZRLTHWE—T, FERICL-
TE - AR BTN ZEB D R oN b, 70 319504 LN IZEERIC L 2HEMNIT L AL THo 128
L9604FARLARE I &0 ER IR LB, 20004E LA TIZ F S OB ENEEREZBARDIZ  hoTw
Bo WELTTENIEZE L TWAEEMROMMRIL, FBEOKBIZEL TRV, 2OLHIE, TYERD
FHW - FERNAH 272012, R OEBE -0 T EREILET 2 2 EPBETH 5,

F O WP ERDIL 7 ) ORiE - SATRBUCKE SEKET B0 7)) OB < 2 S BIICK E < Bk
TAHIEPMONTE A (B, 1959 ; 5=, 1963 K, 1990). HAMICEBIF 5 7)) Ofidiid, *EIEHEMNA I
A W RMOM REAOBERRRE L BBV LT 20 Tnd (NI, 1976), FEETIE, 7
Y DORBEREB L UGHITEMEREL V- AT o TRES BRI LWL NI H o7 (R, A1, 1992 H1F 5,
2006, 2008 : BIH 5, AR 1-(1)-1) ; BIFS, KE1-(1)-2)). &5, TVEFRORMEDICABEOL V-2
T IPHEBLTWREMEESN TS (AE, 2004 ; Tian et al, 2008)c 19904EACLLBEIZ BT 5 7 #ifliig o
VKRR, JKEROBIEL ¥ — 425, 0 OMAROB K F 721308 & AT O ZAITHE S WEHTB RIS F RN 72
CEDVERO—DTHBEEZ OGNS (WL, 1997 HBF 5, 2006) F#IC HAMOMEREE Tk HEBRBEOES)
LY=LV 7 bOL) P RIINESFER S 5 & MESNTBY (TF 5, 2003; Tian ef al., 2008), LI~
LAVT IR TVERICKRESGEETAILNEZOND,

20004FFCLARE 77 AR D 5 T SO EPEEEZBZ TV 52, HARBTIXEBEMOHEH 6 # L%
5, HCPLRBERELRMETH VT T0E, L L, FMEHRICBIT2 7Y ORlER L45AIE, HRoEEE

W ZTADT, MEROLTHMERNAMERICE o TRECRLRY, 7)) OREROTFWFLEOHIEIHR KD SN
Twaho K (1990) &ALk, J& (1990) TidHAMIKES 57 OFEEE LT, SBEOMIER O KL &
o THREUL L 728, g BT 2 KB OECE LR EROZE L ZE L Twiv, T, 7Y EE#EiR, 2~
BICOMBEMRETHOIH LT, £A~FILIEMAZECHPBEL TV D, ZOXHIT, 7)) OFBUIMR - Fifs
KXo TREBIENS, FERTFMITIHIEE 7)) OIS REHZEZET 2 LEND 5,

T TABIZETIE, Fildl - RO 7 ) OEGEES S — T AR OB BHS, AF1-(1)-1D
WIS, AR1-(10)-2) RS, AR1-(2); 55, 2008) 2T 2T, 7 OUEEOREENIC LT TEE
REORECIBRET AL L DI, KROT v X FIZE) 7Y OB L SAEROFRNELEHEEL, TV D

EOIC RIS REEROBEZWL 2T 5, £ LT, M5 - FRMOREERBELZEIL, 28T IR
FERZMB L, BRERTFE OROREREZEZE L7 OREETFUETNVERET 50 (H k)

20104 2 A10H %% (Received on February 10. 2010)
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3. 7FUDBE - B¥EEFFEREORFROBHEEREETRAFEDRHRE
(1) ¥5E) - [E¥E & BFRIEOBEFR OB

n &k

T RAZEFEOIE 18944 LI Ol HiET %
R, #EXRo 7Y oo BRHMZEHICOWTH
7o $7:, BHARBAOKEKIE (SST) ORMFT—
ey b (KE, 2005: 1900-20024F, $RH5HEE — BE [ FR)
ZRHWT, 7Y OEFERICE D B O SST BRT]
R L, FoEEEmE RS & & I, R (H
AR ARER, kg, I, ORTEEARE, B K
RS o7 RO RMZEH) L ofRICOw
TIRIT % 47> 72 T 72, Riodonov (2004) @ STARS
FHEEANT, BRINIBITLL I —40T7 OBl
BT o7,

RESELHEREOFE 7 OMNEEIIERD
JMFIRIZ L o TRES BL BT A0, HAWHE
PRI (R, R~ OgEMOERIER
7—% (1971~20064F, #iEFEE7-6 A) #HWVT,
FERSAMB L7 525 =G ET, @R - F
W OMBEREEIFEFICET S & LB, wEl -
EEH ORERTRY (RO W) 2EBL, B’
B L OBBRICOWTIRZ, 2B, REEEME
L THARBEOL0 m HKIEB & ORISR 2 ] w2
(i, 2006) .

BOTYELTICLDBEBESHBOEE
T—=AANNE TREZL > TT VY10 T LD
BTHAT L Edbholk (BEFS, ABE1-Q1)
~D)o FZT, 10CTH# 7Y O - SAHEHETH
BEKEZ & LT, HEREBOKRT—F X=X (HKk
W, 1963-19984F) 3 L UFGIS FEE#H VT, 43 -
HBIOKERD< v ¥ ¥ 7 %47, HARBIZBIT A7)
DML X O - SRR A HEE L, FOF
RGBT DOWTHNRz, T2, 1981~20074E 10 BT
HAPEEAKRT—% (JAFIC X W4 2HwT,
KPR GO HARBBOKEEZERTAT7T =AY 3
7O A RERTAZET, T DM - SAIC
B3 24 ARoKED< Yy ¥ v rafiv, kP
EBED i HARB IR BT A7) oL s X OE
W - AR R AKIRD LB 8 Y — v R W,

#® R

TVREEOREZEHFEEKENORE TYD
BEREIEE T RIS ER LY F2IRL, 19904E 2

FeldimkEECH 05, BB EEMb Ly FEEd
2, 10~204E IV b B HERBL OBy — Vg8
WETHDL (Fig 3-1-1). &b, FICH®BIZBITS
TVEEREOMMIEICEEZMILALLOT, EEE
WX AR GHIENCENL Ty (H, K,
2010), MR B oMER TIEE SR IAFRTH 511E,
Wi - BRITFRICEREZEM N L Y FEETH
B, EBEEPEARTH S HARBEPIEE, KFEAEE
B L UOREE ORI, 10~204ERMVHh W 3 1 4EH
OB — 2R, BEOKELHORELL
(Fig. 3-1-2) - Riodionov (2004) ® STARS FiEi2 L 1,
1911712, 1931/32, 1950/51, 1973/74, 1989/90iZ L
VA7 P SN B, KPEPHHBUS
D5 DOWRIL, WRRFHRER S —2RLTW
B, KFEFEPRHIIEEEOLETER & 82 5,
TR TKIBEDO BB DWW T Fig. 3-1-31257 7
g (A, C-1) OKRZHM L THRH %17 - 72,
BB L OBEEHIC L 2EHOENTD B, BFE 1
2B A HARE DS O SST &, ¥WinE ik o
BB P LY FARSNT, SR B3 - 4E
DEFOFERE IR L TW5, 1950~1960EMB
& O19904R AL ANRIER T A DIH LT, 1970~1980
FERIESTICHY T 5, KEICBIALY—LY 7
ST OWBERIIBITALY—LAY T b Ee—HT D
ZEPHRFD B, 7)) O IR
M, EEEICEAST 2SR o KPP REEE
EEIE, FBEO7TYRBERILSST EAERLED
HRIRIARZ /R L7z (Table 3-1-1). 452, s HE
OEFPHRWEEL TS EBHOBMERE 7 —¥
DORENEHVCIRBEOKEBOEE /Sy — v L R—HL
72 (Fig. 3-1-4), F7-, 7V &M (2 AL 0
B HELR BN ES 2R, RV YLK
IBLTHBL TV, INS0REERIE, 7 ok
FHRERIICAKRICKRECEE SR, KRO LT
) O TFMBICHENICEH LEZHN S,
R - ERFIOREEEBROZTIIFE SREOR
& 19714E~2006%F (7~ 6 AMI4EE) BT A H
KO LR R OB EHOF )RR L, 19904 L
M LB 7: (Fig 3-1-5)0 HFIC1mE 2L
DFEREFRE LI 20 ERDIHB LU 52
¥R OREE, HRBICBITA 7Y OREREHIT
FEMWE DI, MARdLE (FHE~HE), i (Bl
~EHNIPE), WE CRINANE~RH) &xt B (T
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~FWF) O 4WRIHT B ED Kk T2, K
SN L B8 1 ~ 3 RS DEAEH L D IT19804E4K
KIZELWEALZRL, LY—A Y7 bz EL
L7 (Fig. 3-1-6)o
PLEofERIC DN T, ZEMAAFEN S 5 4 R
(AeEB « FH/RA~FE ¢ P BIL~A NN PEE
AR~ x5S - RE~R) X5 LTC, i
Rl - SRl o RERTR A B L7z (Fig 3-1-7).
LR & PHER D 0 % o e itk e Fa F 3 198048 LI e e
MAR SRS, FERCIEmA L, 1RokilEEdR
B, 5 B U O TR R LR Sy — V2R L,
BIMEMZRLTW5b, 72, 2ModERHERIL,
it B % B < B T 19804k A BRI K & {3im L
BBV V=0 3v 7 bOBEEERORE L7,

3N - AR i ) O SRl R HE A & BRIEIREE & O AH P
BAAR 2 fRAT L 725, 4541 i o Ol 3l 3 $8 B0 2 At i 3
DAt B L OBRBEERNC IR T 5 2 LA ST %
o7z (Table 3-1-2), 0D AlER I, BB 5 il
WOFRWERB L OLFKIRICKE S BRT 5o PEBHE
W 0 mkoRitERE, P & A OMHBEMRERL
720 ¥/, 1EBIO 2R LoREEfFRENL, [F4E
WD MHFR D St LIS, Flbfa okl B X OOk
i - WK S K& BRI S (B, Fig 3-1-8,

Fig. 3-1-9) o TH O DR S, FiHROERFIHE
BB T A EXMEICRY, 7Y ofiiiE Tl
BH12DDFNNY HELNT,

KBOT Y ELTICLD T KBS LUDHiE
BOERHZEER 10 CEEEE LT, HARBECBY
%1963~19984E D %% (3 H)SST O~ v ¥ ¥ 7 %47
S 72RER, T QML EE R, 1965-19674E B
L 19884 LUk TIERE B LB LUALIZIA A S 2 L R &
7228, 1960 A 5198748 £ TIZi, TREDIET
FREEEBURICIR SN, KEOL IV —212k o TH
fl&nsZ &HHL,I%R -7 (Fig 3-1-10), {HL,
IV =—= 52X BEENE 2 5N AH19724FER19794F
WA T BRI A HE S B LRI E L 72, Fig. 3-1-11
WARRAEIC & B AR O ERELOBR K Z R L
7oo FEHALDOMATITE, 7Y OB REIRATEES
BLLRIZH#E/INT 5285, ImBEOEMRITIEREE LB b~
AR AR LILK T %o

72, HRWIZBITSEZFE (9H) ©100 m KRl
LB~y By 7ofEE, 19704548 & 19804E 1L T,
9 CU Lo L HBmE L 2w 215 TR
DUFHEAF N T EIFIEIYIZ, 199044812139 T L
FOURHRAICIEE ET S ) 215 CU EoiER b A
WO (HEE), oI ki, KERDOLY—LIFLITE
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Fig. 3-1-1. 7 & ORFEE L, MEOIMERBORERIZNZNHRE L Y FBIY

STARSIZ &k o T EN/ZL T — A TH 5,

Annual changes (solid line with diamonds) in the catch of yellowtail from Japanese waters
between 1894 and 2005. The linear trend and step changes indentified by STARS were shown

as dashed and solid bold lines, respectively.
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Fig. 3-1-2. #HEB) 0 7 ) AR DFAEZE L, RO KIEMHIE STARS ICL o TSN/ LY =24 TH 5,

Annual changes (solid line with diamonds) in the catch of yellowtail for six fisheries regions (northern Japan
Sea, Sanyin, East China Sea, Northern Pacific, Bousou, and Southern Pacific) between 1894 and 2005. The step
changes indentified by STARS were shown as bold lines.

I 5 7)) OBAT IS ZT TR L, 7Y odb EEbE
AL HIRT 22 L2 R L7z HAMWIZBITS
7 OWSERITE A L D ICEG ORI,
ICEA L D IR ORISR (NEE) Th b
ZEMD, BB XN - aMEENENEET
AA&LBEOKIRIE, 7)o ERESELGTAHILE
Z ol R L7z,

F 72, 1981~20074E 2 B ) B A PIERAKR T — 7 %
AWT, KEEEZETHARLOKREZERRT ST =
Aary7urZ I hEER L. UL, HARRE
TR KBTI 5 7)) ofgs X OE i -
SRR ARy 7T 5 2 ek, &5
(3A) KD v ¥ 72X oT, KFHEIIBITS

AT BRI 19804E A1 HE -~ T 19904 A4 LU B A LLAE
WCIEd oz 2 EdRENT (Fig 3-1-12). T -8
(128) BT A<y Er 7 OfEE, 1990EM BT
% 7 D54 BRI 19804 EACIC I RT R & {dbfmd
BT EDWS IR o7z (Fig 3-1-13) 0 19904E48 L
2B 5 7)) ORI, FRALEEEIC BT
BHEHNZ, 7 OBAKIK L GAIEA LI IER L
ZEICEBRT A EATRE SN,
£ =B

X7 OMEREORNEE)NX, KFEFETFr
R DA C iR R R 2 Em A2 R L, EHEKR L



7)) ORE) - Bl & RSO BIR O] & el m T Tk OB 5 79

SST (°C)

4 1 1 1

1900 1910 1920 1930 1940

1950 1960 1970 1980 1990 2000

Fig. 3-1-3. C{HHIC B} 2 L FRMAKIROBAEEAL, REDOHI & RV IRHIEZEN
ZN5EBEIEY E STARS IC X o THRINENZZL V=L F KT,

Annual change (solid line with diamonds) and five years moving average (red
line) in winter SST (Sea Surface Temperature) for Area C (top panel) between
1900 and 2002. The step changes indentified by STARS were shown as solid bold

lines.

EOMMEERL, KRIZL SHIET S EHH 5
X7 o720 F727) QUSRI TEBEL O W 22 8)
ZRL, &NV Y —23KEDOL Y=L YT b
EWER—HTAHI LD, RELVY -2V T7 bOEE
=R L (AE, 2004). FFlCEEMEICO VT
R L U — AT 7 O &M e v R (6
Fig. 3-1-4), HAMRES 5O EBEMEOME D7
—Z XD HIRENDE (FHS, 1959),

SEE NI D F G MR 7 — 7 12 X B LB 5,
HAWIZ BT 2 7Y o 2ol (FH~H
%), EE (E~A M) &S ChNANE~5H)
D 3WIRNZFT B EDVMHETH B Z EDVHL IR
o720 HEBMEHBIZERICE B IS T 2 2 &0 b,

HAHEIC BT 2 HERoE L, feeltaricdbite
WEBIC T AT ENTEDLEEZOND, ZDOXGIE
7)) OFERER R X 2 EE 87— OIFNTRER &
IL—%T5 (TS, AF1-(1)-2) DT &I,
T ONEN Y — 37 OB X OER AT
BT A ERRIEL, 7V 0z Tl 512
&, R - AEER O R B X ORE Sy — >
BT LI EVEETHLEEZ LN,

19804 K 2 B2iz, AbEBE WhEBicBir 5 2 bl Lo
EEDRE LB L 720K L, PEEREESRAE 2 G i
BTl 2 XY LoEENREA Lz (Fig 3-1-7). Th
FALERHERIE & 0k & 1 OB A OEEIKRE L
HEVIHRIL, JLE (1992) DS & B b, 19904F
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Table 3-1-1. {EX 5l 7" Oifif i & s sl 2L A O A7 B AR %K
Regression coefficients between catch of yellowtail and SST by fishery region for the period of
1900-2002

Japan Sea ECS Pacific

A C D E F G H I
JS_CN -0.42%*%  0.45%*%  0.21* 0.57*%  10:59%*  0.60** 0.51*%*  (.32%*
SANYIN -0.43**  0.44%* (.12 0.51** 10:67** 0.67** 038*% (.20%*
ECS -0.36**  0.28**  0.01 0.40%*  0.56*%*  0.54**  0.30%*  0.16
PO_N -0.35%*  0.48*%*  0.29%*  0.52*%*  0.40%*  0.49**  047**  0.38**
BOUSO  -0.44**  047%*  0.21% 0.58**  0.58**  0.68%*  0.35%* (.18
PO_CS -0.02**  -0.02 -0.03 -0.02 -0.10 -0.04 0.06 -0.08
TOTAL  -0.50**  0.51**  0.19 0.63*%*  0.68*%*  0.73*%*  (0.53%*%  (.32%*
JS_CN, SANYIN, ECS, PO_N, BOUSO, PO_CS and TOTAL represent catch of yellowtail

from northern Japan Sea, Sanyin, East China Sea, Northern Pacific, Bousou, Southern

Pacific and total Japan, respectively. A and C-I indicate the area for SST (See Fig. 3-1-3).

Single and double asterisks represents significance at P<0.05 and P<0.01, respectively.
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Fig. 3-1-4. 1952~20024E |2 B} 5 C #HRAF KR (L) & 7)) BB ERE (T)
DO, FREDOKIZSTARS ICX > THRHENZL V=4 %R T,

Annual change (solid line with diamonds) in winter SST (Sea Surface
Temperature) for Area C (top panel) and in catch of yellowtail from set net
fishery (low panel) between 1952 and 2002. The step changes indentified by
STARS were shown as solid bold lines.




Catch (tons)

12000

10000

8000

6000

4000

2000

7)) ORE) - Bl & RSO BITROMEY] & feilE

=N

B

TMFEORSE

81

2+
1
E ao
1971 1976 1981 1986 1991 1996 2001 2006

Fishing Year (July-June)

Fig. 3-1-5. 4E#iipl 7'V il OfR4E (AR IE) 2L
Annual changes in the catch of yellowtail by age group (0, 1 and 2+) from set net fishery in the Japan Sea
during 1971-2006 (fishing year).
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The first three principal component (PC1-3) scores (shaded area) from the principal component analysis for the
catch of yellowtail by age group (0, 1 and 2+) from set net fishery during 1971-2006
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Annual changes in abundance index (top three panels) of
yellowtail by age group (0, 1 and 2+) for four areas (north,
central, west and Tsushima)during 1971-2006 (fishing year).
The annual water temperatures in winter and summer in the
Japan Sea were shown in the low panel.
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Table 3-1-2. #Ep) (ALER, 3, THER) oFEERRHEE B & UBRBER & OHEBBER
Correlation matrix between abundance indices of yellowtail for three areas (NJS, CJS and
WJS)and between abundance index and environmental factors (EF)

NJS CJs WJS

Area Age O 1 2+ 0 1 2+ 0 1 2+

NJS © - X X X @ X ] ® @
1 @ X @ @
2+ @ @

CJS 0 X X X X O O
1 @ X X X
2+ ®

WIS 0 @ @ O X @ ©
1 @ X ® @
2+ @

EF WT ] @ @ O @ @ @ ® @
CWA O O O X X X O X O

® : positive correlation; O: negative correlation; X : no significant correlation

NJS, CJS and WJS represent the northern (Niigata-Aomori), central (Toyama-Uchiura

Ishikawa) and western (Sotoura, Ishikawa-Kyoto) Japan Sea, respectively.

WT and CWA represent water temperature and cold water areas index respectively.

RATBIT BIKERD LFI & T, AL o Tk
AP Lo EDERTHEEZ OND, 4F
KIMD = v ¥ ¥ 7 DFEHE B 19904 AL DA BEIATHE
FEAEBLILCE N oz e Lz (Fig. 3-1-10), ©
D, 1980EAREKDL I —L YT MTLoT, BBEE
B CRADTREIC R Y, FHRifAAsic g
Y, WEHEAOHBEND R o/ R EINS,
TV DWFRKIBERET ST A —F 2 HT, #
ZIHRDOERMNER % IR T % 2 LA TE 2, KRS
TORY — 1%, 7)) ORI Y —  OEAINEE)
E—H LI ZOZ LI, KIBRF—FH 57 O5H -
FERIBEEHET LI ENTETHLI L EZRIBL
720 19904E R LIRERE R B LLAL CRIATT BE & ) K2R
3, F4% - dbiEE L AR ED BRI KB BIT S
7Y ORBEEOMINE —HT 5, /2, KFEEMOK
BoO<yCr7icry, 19904, 7V I3EREE
VUL TBATRETH 5 2 & B L OKE o446 fiEE 2340
WEALIRICET A Z LT THH T EHLPIC L
o720 KIBIZ K BHAT/SF — 1&, 19904E LU 51F
Ao RLFIC, LE - FH - AFCTOHREER
DEME—B T 5, DFD, KEOLI—LTT M

Lo, ZTYOME - SRS E L2 EICE -
T, 7 ORI EA LTz =48 (1964) 1X19604E48
O IZACHFEBREIC BT 5 7Y o ERE, 3+
S < OKIRATLA) hoZZ LR T 5
ZEEREBHLTY 5, 19904/ LD 7 ) ot
EBEZR19604E D 7 ) DI L L BT W5,
KIEEF PRI O LK o 7)) ER LB
KIED b L FE—FL, FRICEING RO KR
EEVHBEBERERLTWS, SO B, EIEC
BIFBKIRETET ) O N L > FICKE B/
I LERRBEL TS, AE (2004) (&7 EISGIC
BT AHEFREOLTEIE, TV vya0l%kd@El T,
T OMAEETAH R ER L Twb. LA L,
AKWFE Ty ¥V FICHW KR F— & #iix, 7
Y ORISR A N— LT o odDT, FEINNEEIC
B BKERDOFEREN, FZILY—AT T M3
FALRRRE I ENTE R o7 7 OEIOEK
BA16~19C L TN TWABDT (IUAS, 2007), L
V=AY T MIEoT, 7Y OENEHEL L /W HE
WAH LI DEBORERETD Do

WG - AERPREEIRBUIREERIC L 58 L
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Relationships in the abundance index of yellowtail between large age group (2+)
and young age group (0 and 1). (Top panel: northern region; low panel: western
region). The red cycles and blue diamonds indicate plots between age 2+ and
age 0 (N2-WO0 or W2-W0), and between age 2+ and age 1 (N2-W1 or W2-W1),

respectively. Regression line and equation are shown.
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Fig. 3-1-9. REEFRIEKEOMMHE (L 05 T 2+, Kl HFERIZ
FhENIETE R ZR L, TORYFEME MRz KR L7,

Relationships between abundance index by age group (0 and 2+) and water
temperature. (Top panel: age 0; low panel: age 2+). The red cycles and blue
diamonds indicate plots between abundance index in northern (NO, N2)
and western (W0, W2) areas, with water temperatures (WT), respectively.
Regression line and equation are shown.
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Fig. 3-1-10 (a). AAMEIC BT 24 F (3 H) REKROSA DEE(L. Rt FBIZENZENITL10 TERT,
Distributions in winter (March) sea surface temperature (SST) in the coastal Japan Sea from 1963-1998. The
red and blue areas indicate 9 and 10 degrees in SST, respectively.
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Fig. 3-1-10 (b). HAMHIIBIF 54F (3 A) REAKRD 54 DEE L, RaE FOIIENEFNI T L0 CERT,
Distributions in winter (March) sea surface temperature (SST) in the coastal Japan Sea from 1963-1998. The

red and blue areas indicate 9 and 10 degrees in SST, respectively.
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1964 | 1974

Fig. 3-1-11. fARFEIZ & B H RO LFKEOFRW BB, 7I R (+) x4+ A (=)
EZENZENEREANRE, 79 A&~ A4 FAORIIER EIMIROEEEZ KT, e8P EOME Ik E
DHIFETRL TV,

Schematic diagrams to show the typical years in the distributions in winter sea surface
temperature in the coastal Japan Sea from 1960s to 1990s. The red and blue areas indicate 9 and 10
degrees in SST, respectively. The single (double) cross (slash) indicate the strength of warm (cold)
year. The location of Noto Peninsula was marked by green lines.
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Fig. 3-1-12. HAHBHEHRD 3 B ORI AR AT DFEZEAL I 9 CTE KT M ERLEEOMEZRLTWS,
Distributions in sea surface temperature (SST) in March around in the Japanese waters from 1982-2007. The
yellow areas indicate 9 degree in SST. The location of Bosou Peninsula was marked by dotted lines.
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Fig. 3-1-13. fAFEIC X 5 HARF LR D12 H O FE KRG A DAL, #5139 CE2FE o SIS HER R O 4 1
ERLTWA,

Distributions in sea surface temperature in December around in the Japanese waters for typical years from
1980s to 2000s. The location of Tsugaru Strait was marked by dotted lines.
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Changes in abundance index of yellowtail year class by age group
for the western (green line) and northern (red line) regions.
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Correlation matrix between abundance indices of yellowtail. LNO (LWO0), LN1 (LW1) and LN23 (LW2) indicate
abundance index for age 0, age 1 and age 2+ in the northern (western) area, respectively.
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NENEEREILERE LKL, FoORRERE BRERZ R L.

Relationships between abundance index by age group and water temperature.
(Top panel; age 0; low panel: age 2+). The red cycles and blue diamonds indicate
plots between abundance index in western (W0, W2) and northern (NO, N2)
areas, with water temperatures (WT), respectively. Regression line and equation
are shown.
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Change in the ratio of northern area to the western area in the catch of yellowtail

by age group during 1985-2007.

Table 3-2-1 4F il ptdn) 7)) e 5t € 7V Dt e X —5L

List of estimated model equations for yellowtail by age group and area

Area Age Model Equations R2 Notation
Western 1 W_AI_1=0.573W_AI_0 + 0.124WT_autT 0.46
—-0.394
2+ W_AI_2=0.829W_AI 0 + 0.106W_AI_1+ 0.769 Case 1
0.275WT_winW — 4.538
2+ W_AI_2=0.502W_AI_0 + 0.232W_AI_1 + 0.833 Case 2
0.377N Al 2+ 0.131WT_winW — (included Age 2+ of
3.111 northern area)
Northern 1 N_AI_1=0.693N_AI_0+ 0.159WT_sumN 0.437
—1.963
2+ N_AI_2 = 0.422N_AI_0 + 0.891N_AI 1 + 0.441 Case 1
0.382WT_yeaN — 2.254
2+ N_AI_2 = 0.739N_AI_1 + 0.389WT_winT 0.441 Case 2
—3.633 (excluded age 0)
2+ N_AI_ 2 =0.607W_AI_0 + 0.128N_AI_1 + 0.606 Case 3

0.311WT_winW — 0.3697

(included age 0 of

western area)

W(N)_AI_0(1,2): Abundance index in the Western(Northern) area for age 0(1, 2+) group;

WT_autT: Water temperature at 50m depth in autumn in the Japan Sea;

WT_winW: Water temperature at 50m depth in winter in the western Japan Sea

WT_sumN( WT_yerN): Water temperature at 50m depth in summer (yearly average) in the

northern Japan Sea
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predicted and observed abundance index for age 1 group of yellowtail in

the western part of Japan Sea.
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Relationship between (top panel), and time series in (low panel) the
predicted and observed abundance index for age 0 group of yellowtail
in the northern part of Japan Sea.
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