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~ 7 algfE T H A3F (Thunnus obesus) . % (T. albacares) 1%, [E\H:
F<A) EMEEN, ARPEOBE A OIS, AR, RIS AN TR L A
LTW5, IEFEORHROBERIIF NI BIRARTFR I agofR TENLENR
1 BHEBLO2FHICEL UKEREMIEE > 2 —, 2013), 2011 FEI2E 1T 5 4 fit
DERIIFANF 122 T h o, ANRNF 39T Fo, 209 bEBEITENEN T2 T
Ry 52707 hi&725T% (FAO 7t : FISHSTAT,
http://www.fao.org/fishery/statistics/software/fishstat/en) , 7> T. A HAE & T4 1R
BNCREE LIERICEE CH D, ANFIFEE L THHEH, S~ ZE, fiFHBEI]
HaiHE LTRSS,

EWFRIRHEOMENIR O L B0 Th 5, PFEINT, WfE L b IZEKHmAKIR 24CLL
DUFHE TIL<ATOND EEZX LN TS (H)I5, 1985), v 7 m @D H TIEAMEK
O R | R 2 & AT AKTEEEICB WL TR, A23F X, Sun et al. (2001)23%
SAERIZLDE 1 T69emFL JEXE), 2% C 94 emFL, 3 4% T 123 em FL,
Zhu et al. (2010)\1Z & 5 EHED 50%HAE1E 107.8 ecm FL (b ERIz L D & 2.6
) LHEE SN TV D, FF X, Wankowski (198IZEES S ERICE D & 1 &
T46cmFL, 2 7% C 80 cmFL, 3 /% T 106 cm FL. Itano (2000)(Z & % & D 50%)k
AREIL 105 em FL (AR ERIC L D & 3.0 LHESh T\ 5, Famid, ANF
1% 15 LA L (Farley et al., 2004) 5/~ (X 74005 1045 OKFER G TR > & —, 2013)
LEZLNTWVD, B ORI D KETE (Hallier, 2005) 3 X0 > R

(IOTC, 2012) (ZIBWTITFIM L I —FRERIC DUV TREED R & A ST
5HDD, Z < THIRSFNL CORH TH D, KF¥E (Schaefer and Fuller, 2010;
Langley et al., 2011) (ZFBWTIX, RKELHFT L L O R RE2RBEITM SN TV
WV, ol WTRORIEIZR W TS AR ZRBNED Gt ST,

2FEDWIEEL LT, ANFIIFELE L TUIZA RO THRIES L TWNDN, KIFFEICE
WTITIEFE EMIC L 2ELRGEH< 2> TED | FRICHEREEICB O TEIX
RIDICL DR EE>T\Wd, £o, —HITENEORETHIREIND,
TAVEY A R TICRT DipFERE (MLEESECRME) ICXoThE
WS TW D, JRIEICTHE L2 o5 A X%, HEHATEICB VLT, 100



~180 cm FL D A NNFHARAfMIIF & L TEA RO TSN 528, 100 cem FL LA K
OEFITEEL L TEEHEEORBRETHRBEINLTND, —FIFAFITAETIEE
ELTEEMC RIS (RRTKEE) . ZRLSMITIE A RDFEIC L > THif
BN TWD, 50~170 cm FL OffAIT, F& L TEEMIC Lo TRESN D, 1T
2RI L B IIEY) X 90~170 cm FL OEA D —#% 58, 50 cm FL LA F O KT
T4 U By A FRTTICBT DI FREICL D RES LTS (Williams and
Terawasi, 2011),

FEEEOREREICBONTL, b 2FORHT/NIMER DS IZIEET 5
EHEEZFIHLC, BERD D VITERXOFIRMEL RE - Bt L TE 2 CTHR¥(T D
BEBITONATWD, 7272 L, £ &MV TIE, MR, FFIZANFITONT,
IR S S, BIRICS 2 2B ES LTV D,

B AR 2 & T P AEPEE AN T B L OFAZOMGOOESTHY, BA
it (XA 7eb, FEM., %) OERLEOOLOTHH D, AARIMEIZENTIT
ANRFIE, EE LT DA ORI AN R M IS L OAMN R 5 1BV T
2T, o, AMPEHEHBICB O TEE L TEFRICE SR XU T S
ND, IAZIE, AT S BT BIEHRIC B W TT A 2 T AN PR
CBWTHBICE XM LOERTIRESN D, mMEH SO E O\EL~4%
M) (ZRWT, A YA LI D Mk Rkl KO EAaE) (IR L Th D
AT NP B YA (Katsuwonus pelamis) 25 & & B IS, B LU H
I UMY 12X 280, R, P TREINTRY , YEkiZk W TE
TR GFE L 7o TNV D,

2 FOBEPFIRBIZOWNT, KFEIC Ko THHERR DI, FRIANFIZONTIEEBE
teha b Em b L IR 20 LRI CHERE L TR 0 . RIS B
ThH, ZUOEFILLFERD b L ATEAKETHRBE LT\ D OKEREGIFEE v 4
—,2013), FpeRIRHOZDIZ, KOBEOSWERAM, £ L TEREEO LY
—JEOBIEPMETH D, KEORmWVETRHL, 2hRRIREEHZIT 9 7201
EERRE ORI b LB T, ZTO—ERE LT, FIREOIRES RO, CPUE
(L, B RO WM OROBE 2 ZE L2 GRMITET VOB D012,
DIEFATE), BENZ DWW TOHERMBLETH D, TOEE, Fdlo X512, AL
STHREIND YA AP R D20 BRARY A IR U7 ATENRE, B8R EAT



AT L2 ENEEEEZILND,

2 FEOWEFATENCDOWT, THE T, ANNF TIIHEACKEFE (Musyl et al., 2003
H5) . BBV ACFEEE (Schaefer and Fuller, 2002, 2005, 2010, 2013; Schaefer et al., 2009
5) Ze EARIC, PEEREG RSEPE (Evans et al., 2008 %) . KPEEE (Arrizabalaga et al., 2008)
IZBWT, FAFIZONTITHEALKRTH (Holland et al., 1990 %) . HUH AR K
¥ (Schaefer et al., 2007, 2009, 2011, 2013) % EARIZ, PEEHEVT KPP (Mitsunaga et al.,
2012 %), A » R (Cayré, 1991 %) . K7EVE (Weng et al., 2009) W TIdHE 13 H
BN, PEERILASEPE, FFIC H AUHEIZ B Ci, Ohta et al. (2001)3 L O Ohta and
Kakuma (2005)(Z & 0 ##BHFRIC I 1T 5 ANT B I OF AF O & LT MaigigE
DHEAPEIZONWTOREITH DS DD, EEATEI Z B A TZHEKITEIOFEMZ Y £
LD DT, WELEHANZ L, £, 2 BOBH), EFICONTH, W
< ODOUWFHTNT BT 2 i 1L d 228 CRFETE @ Hallier, 2005; KFE¥F
Matsumoto et al., 2003, 2007; Schaefer and Fuller, 2009; Leroy et al., 2008; - > R :
I0TC, 2012) . K EE GRARPECBIT D2 E L TOREREIZOWTITWER
B ST,

FCAHEOBEKATHIFRAIZ OV T, 1970 FRE L BEFEBERE (Yo —) %
AW GHIAM T CE TR Y (B4 T alalunga : Laurs et al., 1977, &4 -
A %A =77~ T thynnus : Cayré and Olson, 1982, ¥/ % « X /3F : Holland
etal, 1990), EHFIFEME Y b BEMICESEITT 2 2 LEB8MbNA TV, Ll
RN D, BE I REMAE S LA I CEIT 5 7T, IR A B ST
PEBRBE S OFEM 2 ERONENFRETH H b DD, RIEHOE MM, MOENO
FRCEEEHRIIEBICRONTLE Y, SbIC, —EILEL Ok Z I
LOIIREETH D, Fio, ZERATFAFEEICEET 2 HiETIE, ARE<IZWD
B L 2MBBR T 720 (Ohta et al. (2001)1Z & % & 2849 680 m LA 2N RAHLPH) , 1990
ERE LU, Ry 77 o7 - 27 LIS, RE, KEBEDOT — X 25
L. 50— EMRZICBERICEI D BE S Cilgimliz L, A LERICT —4
DHEFETDHZ T M ND KT Ro7 (Fl: # A A 377w~ 21 :Block
etal, 1998, A/ \F : Arrizabalaga et al., 2008), L2>L. Ffi, [BILAAREE LW 5 F]
SINB DM, Z BRI (B 2 k[E Wildlife Computers £E8 Mk10PAT TlIAKE &
¥ 17em) O, PEEK (BFRTeFa 80 cm FL LAF) (213 & 720y, AN TATE~



BIETDORBEEOT —ZIIHFoNR, FELTCAM I b RFE LTS (R
HEE) LW ol RS D, T &L BT, 1990 LA, £ S AHEHDIE
KATEN 2D HED DL LT, T—HA I E 7 (F— 4 5084 k<
fEESNTWD (] : 7 v~ 72 1 T. orientalis : Kitagawa et al., 2000, X7 I~/ 1
T. maccoyii : Bestley et al., 2009, E > % : Childers et al., 2011), 7 —HF A )V X 7
(T EREHEI PR CUREE, IR, REZFER L. BEICH & O KL EHEE b FTRE
2T %, HIEEROHMBIOZ VOEINBLETHDL DD, KNIZERE L2
EIEBBEN D720 S AR AED )/ NUORIC B EETE T, 7 — 2 Bfe
IZBR W TCREREORRZREE N AT, 72BN L S 231U, F—EE» 5
BA 70 LEFORMMICOI 7 — 2 2B e TH 5, E-T, 7T—H AN
Z TINVER S EZ D TRET 256, BROBEM L Z 7 ORINAE LN L56
WZBWTIIAHTHL LB 26D, EBRIZ, BROBWED 5 LDV -DH (Musyl
et al., 2003; Schaefer and Fuller, 2005, 2010; Schaefer et al., 2007, 2011) 2\ Tix, 7
— A NNETIZEYREXESOecm B D L <X 60 cm & O/NUEKEEGD T, &K
T 1EEHTZD 1000 H &8z 58525417 > T\ D,

ZOXIRMOL & KETIZ, ANTFBIOIAZORE, B#), BREC
REDEYFHNEROUWEED T8 | ik 11~22 I, H A ERS A E R A
FHE PR 17 . E Tk, Bl £ CAHABRXPRFAEZFCHEIE) IS L miEsEEE
W D AT T AZOEHNE (Matsumoto et al., 2003, 2007) . 3 L O, ik
20~22 FFEEIC, BTEOUTRBGRE AT EE L LT AN P EEER (B 12
T ANFHEERE UIAE#E (Matsumoto and Okamoto, 2008) % % fi L, Z il
SOFHED B E L TARTFBLRIANEOT —h A SV E THEE KT E2IT- 1=
(Fr s WAL R A Z A EE TIEANTF OR) , AR TIE, T b HFEOME
WEOVIE SN ANRT BN OT = ANV E T - T —2EHNT, Zih
52 FEOENEATE, A TEBE) « DA OV T O 21TV, BEKITEIR L OV o
FEEHOLMNITH 2L, BLO, HEREO—HMEHONIT 2 2 L 2R kR,
oI, AR X BEL ERICE DB LI B0, KIBREOWRESR
B, MBS, fHAEMOSA, RIEFE~OWE L Wolo | EKITENCRELX 52583
Z HID BN Z AT E5 L K TEIDO A h = XL E AT L2 L2 HE LT,
F7o, 2 HOKBICL VFEROBWNEZH LTS E LB, BEEOMLIZ X 51



MRS OO A —FE O RF L OME— - ITEREERIC R T 2o~ 7 v B HSE & O k21T
9T EITRY . TR, WEERE, BUREERDY A XHIT X DIWEHKATEIDE D
Bt B LN BFRIC X D IEHATEI OBV ORE b1T o7z, 26 OfF i, CPUE
AL, M DOIEKITEN A AT T A—2 — L LTHWAAEX v FETLA~DiH
M. I X DENROBE, LWV o BRI W CHERARERE 2D
ZENHIREEND,



2. MMEAHE

2-1.ERALET—AA4N\LE Y

ARFFETEE LT —H A 2302 713, K[E NMT (Northwest Marine Technologies)
FEE Ver. 1.0 B L O Ver. 1.1 (RIAR & 10 em, EA 1.6 em, 7 7 71K 185 em, 22
HE R 52 g, LKA 256KB), 3L N #F# Lotek #E# LTD-2310 (KiEE S 7.5
cm, EFE 1.6 cm, 7 7 F K 22.5 cm, Z¢HEH & 40g, ik = 8MB b L < 1% 16MB)
Thb, Z7DFELFig 112, A% Table 11ZRT, NMT 48 Ver.1.1 1, Ver.1.0
CHPLTWE R, BMERCP—SRYRINTEY (Tr7FolEe s —%
IVELTHZLICE Ao —REOHEK, T—FLBET LT ZLDOUE),
LTD-2310 (%, NMT # ZIZ AR TREF BB KIFIZHR L TWD Z E BRI TH 5,
NMT #:8 Ver.1.0 1% 2000~2003 4E(Z, Ver.1.1 {F 2001~2002 42, LTD-2310 /% 2003
~2010 FFIZE ] S 47z,

ASEMER L7 7Zi3ndng, 7 KIRICEE o — BEE - —8B LU
PRAESR, 7T TEAICIREE =B X ORER =2/ L, Fh b E—ER
MRS (o — =R EFRE) Ciidkd 5 (RRINT—#), ¥ 72 KAICEEE LTz
Bald, ZUREROREE Y —IC XV RIBEZHETE 5, £, BREOZEL LY
HELIZHE - BRRZNZESE, 1 BT EOBRERELHET D, 727120 Z o
ERTEITRAZEN K E VN, FA7E[2OUV T, Welch and Eveson (1999)1354) 140 km & 45
LTWd, Eio, # 7%k b L3 CEBR) ICEE LR (R, K
T —H) TRV TE, BMEIREN BRI 1 ELAN, MEITET £S5 EUN
Tho7id, KO BMTIZIEHEERGED LI 10 L ETh o7, 7ok, AHF
FATRNT, HHH, BRI A ROTR T LS. B - HikRr
ZABRELHEE ST, HEMEITZREE L 8> TWi,

AMFFETIE NMT Ver.1.0 38 KLY Ver 1.1 1%, REE, R, W% 256 FOMHIkR Cridk
THEIICEREL, AFtiskHEUL 162 B TH D, LTD-2310 1%, 60 FOMHIE Crdk
THEIICHREL, BFFFEELHEIEL 980 H (SMB A E Y —) & L <1% 1960 H (16MB
AEY =) ThHDH, NMT X 7137 — 22 HETH LTSS ET— A& EfinT 5
23, LTD-2310 % 7136 502 LR E L7z H R D RedkBta 32 Z E W AlREThH 5,



WO Z 7 b FLEBREN D —E BBy, AE Y =M Th EEE SN
7ROy (LA [ E IR, Fixed part & FES) B LN 0 OE D, AT U —03il
M2 % & EEE SNLHE5 (L& B #H, B part LFES) I3 b, £ Eh
DR IIMEE TR E ATHE T, AMFZETlITable 100 K 9 (TR E Lz, I A, Day
log LFRIND . HEEHH - HEREZ], HEERHERE, Ria/KREOT—% (£
ZH1H1ED) AL, 2SO0 TE, # 7B EEH L TWw a2 aflificbiz - T
FLERI LD,

Table 1 Specification of archival tags used for the present study.

LTD-2310 LTD-2310

NMT Ver.1.0 NMT Ver.1.1 (SMB) (16MB)

Memory size 256 KB 256 KB 8 MB 16 MB
Length (cm) 10 10 7 7
Diameter (cm) 1.6 1.6 1.6 1.6
Resolution of the sensors

Depth (m) 1 (£126 m depth), 1 (£126 m depth), 1 1

3(>127 m depth) 3(>127 m depth)

Temperature (°C) 0.2 0.2 0.05 0.05
Accuracy of the sensors

Depth (m) N/A N/A +20 +20

Temperature (°C) ~+0.2 ~+0.2 +0.1 +0.1
Mass in air (g) 52 52 40 40
Sampling interval (sec) 256 256 60 60
Days of data recorded”

Fixed part 40 40 500 500

B part 122 122 480 1460

* Number of days for sampling interval used in the present study. “Fixed part”: the area in
which time series data are first recorded and not overwritten, “B part”: the area in which

time series data are overwritten when the memory gets full.



Fig. 1 Archival tags used in the present study. Upper: Lotek LTD-2310, lower: NMT ver.1.0.



2-2. IEBADRES X UK

e VG R RIS (G- B0 S | A oy | RIS L Ik B Iy | B35 R 581520 24-29°N,
123-130°E) 3 J AN PRI (TR, 32-36°N, 142-148°E) Tififds L O
% 3k L7= (Fig. 2, Table 2),

A P 6 S Y2 33 Tk, 2000 452005 2010 4RI22MT T, KEITZFED HAJEN
EFRAEETRA (2005 452 £ TIIEE £ S AETRXIRIAZLFEHHE) O—&ER T,
IKEERREIITEE o & — 3 PR, BRI B IR, (BF) H AR NUS ICHRZEFEL THEME L.
F7o. —EOMAITEVEKENIIERT (Bl EEOKEGIRIZERT) 2358 L, ik
vk KOHMIC L0 KB IIEE RS S O 5 H8E ) b AR KGN Tofkic
BWTHEML, S A LRI o3aiES L <ITPEauEEinic s, F80 .,
W, V780 IC LV RES NI ANT EXAFIZ, Eo, —HICIIFEREEE
WTIERRDICL VRSN ANFIZT —HA NV T EEEFE LTI LT, 72
B AT AKX L BT, B EEEROR O PR E A 134 T RIS CROR L7z
LOThHD, BEHE, L L TURBREDO ANFBLIOF AT OERBITHLE
P> BRI T & S L7z,

AN ERHEIIC 33U TR, 2008 4E20 5 2010 4EI20M T CRET R LD E AL
WHORTAEZEEE L LT, KERAIE ¥ — NV ERIRICHZRE L, BIREH
BEMFTEBALIZEL Y . BRPICT, B E, augftE, 70 764&, A& %
DORENEIER L, FHETIHRIE LIZANRTFO—IIT —hA 7SIV E 7 %535 TR
U7z, FRASIZASAE 1 (8], ML D A ST Ol T 5 B (6~7 H) ICFEMi L7z,

WINROMAETEH, T—IA SV E 7, SRR ) BIREN L, 22
OIS LTARR 50 em FL (BX &R, LUTFEER) LLEOEKZ 8 OHAE L7225,
FUHERINT K > TUE 50 em FL BL T OEIRIC H 258 U7z, P PHRE Bl s s Tl A
NFBIOXAL | RINFEHEE CTIEANTICOREE Lz, S n-faziho
F o R, MEGO ETHRELZ T om b L<IX0.1 em BALTHRIE L7z, AL
FHEDERER A 2T 2 em FEEEGIBE L, 7 — 1 A 7L & 7 OARMKESY 2 IEIENIZ IR A
L7 7 TSN L7 RRE & U (Fig. 3) . YIBAER % T8 5% (Coated vicryl suture
J-569, ETHICON) T 1 #t#4 L7z, S 512, HHMFRCR T D Ea 0% AR % 5



ODH7-0, HEEHSI M (PDA % 7, Hallprint £k, ZN, £ 15 em, K&
1.7 mm & L<{T20 mm, ¥E) & 1 EEKICOE 2 AR8E Uioh Lz, 38, iR
DD AEER RN LR SHZ 0 1 pRRECh o7z,

IO OFETHF L TANT 210 fEK (R VERE BRI 146 MBI, AN ot sk
64 fEA) | % 90 A % Jiktift L 7= (Table 2) , JifE MBI DA EA K % Fig. 41277,
ANF UL, FEVERE B CIE, K5 A% 45~70 em FL C, 50~60 cm FL (B X&)
2 — ROz, ARMHFERTEE ClE, K2 1E 50~85 em FL T, 55 cm FL 35
FOT5em FL O Zo0F— FRE L2, F/F 1T, 40~70 cm FL 23 FEK T, 50 cm
FLEB LU 60cmFL (IZE— FAR LNz, REF31E95ecmFL LA T TH DA, 110 cm
FL Zi 2 DK DT NN 6EEN TS, A/3FE, Sunetal (20012 X 55k
RAUTHES S LRI 0~2 mIHE T 5, FFH, HHS (1960) . Wankowski
(1982 K B ERUTH D < & RED D 0~2 MY 3%, RiRO@EY . Zhu et al.
(2010)1Z & 2 KV (HrBds KL OVEUER) A ST HED 50% AR 1 107.8 em FL, Itano
(2000)1Z & 2 KPE (FEERIS K ONT A JEL) D 50% iBMA R 133 L% 105
em FL E A SN THE Y | FEARO K13 A (KOFERAL O A i fa &
B2 BARIR) L AR OERER R B AT O SRR EVE IR IS 2 L 22 W) Th B,

10



Table 2 Summary of release and recapture for archival tagging of bigeye and yellowfin

tunas.

Bigeye tuna Yellowfin tuna

Nansei Is-

Offshore cen-

Area released lands tral Honshu Total Nansei Islands
Release

Location 24-29°N, 32-36°N, 24-28°N,

123-130°E 142-148°E 122-130°E
Period Oct. 2000- Jun. 2008- Mar. 2000-
Oct. 2010 Jul. 2010 Sep. 2009

Number of individu- 146 64 210 90

als

Fork length (cm) 42-75 53-111 42-111 38-120

(mean+SD) (56.7+£6.4) (68.4+12.0) (60.3£10.0) (56.8+14.5)
Recapture

Number of individu- 34 2 36 7

als

Recapture rate 23.1% 3.1% 17.1% 7.8%

Number of individu- 26 2 28 5

als whose time se-

ries data are availa-

ble

Number of days for 3-503 34-175 3-503 27-280

time series data, (2668) (209) (2877) (541)

range and total

11
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Fig. 2 Release (circles) and recapture (triangles) locations of fish attached with archival

tag. (a) Bigeye tuna and (b) yellowfin tuna.

12



Fig. 3 Bigeye tuna (a) and yellowfin tuna (b) attached with conventional (open arrow) and

archival (dark arrow) tags.
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Fig. 4 Length frequency of fish attached with archival tag and released. (a) Bigeye tuna in
the Nansei Islands area, (b) bigeye tuna in the east off central Honshu and (¢) yellowfin tuna

in the Nansei Islands area.
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2-3. T—AEHH LB L UVNE

BEIEE MDD SV, 7T— AV TREIRE T 6, EHOFEARD HiE
ERWCH 7Rk SINT — &/ =Y ) s arvBa—F—iZ¥yra— KL
Too FUrm—RINT =X, ¥ 7 A—T—0D Y7 h U7 “Readable” (NMT
% 7. NMT, KE) b L <IE“Viewer” (LTD-2310 % 7', Lotek, W7} %) 1T X
0 —WALF LT Day log 38 X ONWERSNT — X 2 ) L, ETICHWZ, 72ds, R
T — % O 5 HARIR (EEPIRED) 1EABFZE TIXRRT & U TRRITIZIEH W Do 7,

KERFNT —ZITBNWT, BEOXE, #70RER P —BL O Ll 7 A —
J—DY 7 MZEVHEE SN Day log 7—Z I &z A H - BEEEZNIZHESW
oo 220, ZTNOHLOELIRHEE SN2V, b L IFEFETH-> 51T, Al
HL<IEEA (BEMAEGT 256 3T ERIDNEE TRVR BTV H) OREZ
TRA. b LIZINSDOFEHE Ao, REZNET X THARERER: (UT+9h) 127
L7,

WL ONDIRITIZIBNTIE, 7 —F gkt (Ekd) R bHEE L, RENO
i AT o7, T —H T OERRIL, HBtRd & OFH#F O O BRI 2R &
RE L THEE Lz, ZHUE, AT BLOIFAZOBEEOKE (Sun etal., 2001; #%
M 5, 1960; Wankowski, 1981) TiZ 100 cm FL LA F OE (K0 a8 B 1 XA R I 23>
Lo FIFE—E T, REPOREOFHMHEIIMERMAA TN T RN &IT K
Do 722l FHERHAR RIS U ITEERIT — % O5E13, FHERRE DRI AT
RECHIVIAEE L REORGRA (N EXMOKEGRAEICLVH#E LI b, HE
IKEEGIEMIIERT, RFEXK) AV THMMNFERAHEE L, FRHAR, (KEL b
AR S L <IEEMT — &2 0o5aI1E, Bk, Sir, & B ESEEL L Tuvafi
O FHE AR ORI A FVW o, &R B BRI 313 Table 3127358 Y T, T8
TIZA/NFT0.13 em/day, F/ % T 0.11 em/day Th o7z,

ARFATOUNT, BV RE EfEek & AN TP CHROR 21TV, 2RI, 27D
R LTAET — X L0 Sh DOk b RELS BB Lz L BbnsEkb Roh
7otz WL OO IO (7 P96 By TfEis : 20-30°N, 120-132°E J6 K OV
ERMEIR © 30°N LAE, 140°E LA (2 L7z, FAZICONTIE, BiSEAnE 4T
R Pk S C L e B OB BN b B e A R B E B2 b, 1 8
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B EEIRE CHM SNTBER D o7z, TDID, —FOMNTIE, ANF LD
o7z, b LITMHRORITEEZE A2 D720, Ml B O A A2 i Lz,

2-4. SRETRINS

FHFE L HIT, FHE, KRR L OVEEIC K 2 KA TEI O ER | 3 L UMARESE i
ELATEO MBI RZHEE T 5720, SMETBIO B LTS < it &

1To7,

ARF

AML, BHEOBREIC XV BEFE~OFEDOF I LY METHERESLRD
TLEPEBNTEY, EEITHBIER LIBETINC IS E 0B L2 R (Schaefer and
Fuller, 2010) {29V, THURA)TTHE) (Characteristic behavior) | (FURESEIZIHAE Lz
fT@h, BRI BT) . [T TH) (Associative behavior) | (FaflEZE (2 HE4E L 7-17H),
BHESEE L TERBICHTE) . [Z0MofTE) (Other) | (Z4LDH — DL @ 3 FE
FICHME LT, DRI TOEEY) ThY, ERMBEICEH &SNy
ML=,

- TIRIR9ATEY ) « N FEITIRG IS, BHS 1 RFFELANIC 150 m DARICTE
0. BRIEZEE UTHEREICOA L, KR 20CLL EoEE~1dEE L 7= 30 43 L
TORFF LR B2,

- TIEAEATEY) - W) HITBRI O 84%LL b, 32 H LIRRI 74%LL EOIRER % 7K 20°C LA |
DB IHE,

- [ZoflofTE) )« BRSPS, BRI, RERIHEIC X > THEE OKIE 20°CLL Lo
&) & U <IFRE UK 200CLA T D) 1204 L TWDH A, BZNE—E LT
7200

EREOFIET R EBAEIEIC B 1T 2 BRI S S ED DNIZ b D TH D03,

FATKIRZRYEE L TR Y | HEEREE A 72 5 AMFED B AT bIEH FIRETH
LEBZ, IhEMEM L,
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DX I Ko TRek T 21T Z | LARE TEREATE N2 — ) LIRS,
SRR LTZSREATEN N 2 — S & RRA AR s o LR 2 5 LT,
MMAT, ZNEOTE LML LT, [RIEMH{EITE) (Surface-oriented behavior) | 35
FO EE~DWAT (Deep diving) | DEFEK., M bITo70, [REWETE 1L,
10 m Al D Jg | ZHHfE L C 10 43 & 8 x THIfET 5178) (Schaefer et al., 2007, 2009)
LIEFR LT, 60 BRI CReRIIT — X #5735 & 98 E 37z LTD-2310 % 7
FOEFERIZOWT ORI U, BRI AR AR, MR o HBUHE D4R
AT o7, TREA~OWEFT IOV T 550 m LA_EOWEFT & EFE L=, 728, Schaefer
and Fuller (2002, 2010){FAFIZEHVT 500 m PL EEER L TV AN, AAFEICEHEW
T, AXNFT@EE O B EmETE (HURRTE)] F0%4) I8V TH 500 m
EHOTNICHZ D Z ENEFICEL, ZDH550m L EE Lz, NMT # 720
TIXFRRBUAEEE D 510 m T 5725, LTD-2310 # 7 HEEERIZ OV T O B fr L
Too AFED TEBA~OEIT] FHEZHBLL, REDPDONL DO R H1TE) R
BT To, NEBA~OEAT) 1TENZ TRLD 4 DO/8X — (L, "% — R
BIEGRE, WRFIAT A B R (KRB BURE 2 5E5F, 425 2 & T, g~
T3 DATEN OB 2 Bt L, T TN D/ — o DR % Table 41777, 43I,
RERFIDORE 7 7y M &S HMICEL D HE LT,

s NF =] ik (BB 100 m LK) 2 BIET A BRAA LT 550 m LLROIRE
ZEE LT, HOREICR 2178, [HAINITE)) o, NEETE) SX 0 Mz
DA DOLTEY ] (%G,

s NZ— 2 RE (BBTe4a 300 m LUE) 2 BIE T2 B4 LT 550 m LIROTFE
ICEELT-t4, MOWRE (BRAARHID) TR A1T8), E& LT MAIATTE)) S IO
[ZDMOITE) O 5B FRICEITT 5178 (Afternoon dive behavior) | (#23R)
DN %I,

s NE =3 kI (BB 100 m LK) 2 BIET A BRAA LT 550 m LLROTRE
WL, BITHRIZTOEERE (A% 200 mLAR) (2L EF 0178, £&
LT Z2ofofTs#) 0956 [FRICETT 21781 1S8R,

« NZ— 4 ERLUSNOATH,

17



EvAv.s

RREIZOWTIE, ANRNFO L ) ITATES~DIEE - FEFEITE 2 ERANHBI L
THPE L@ I3, o T ME ORI T, FRO XS ICHE L, ST,
ANF OEREATE 57— L AER, HIICAT o 72,

- [&JE17TH) (Shallow behavior) | : JRH D 50%LL EOREHZ 50 m LI HIAE,
- [YRJE17HE) (Deep behavior) | : B D 50%LA D] 4 100 m LLZEIZHETE,
- T A4 7ED (Intermediate behavior) | : _FF = -2LI4%%,

PR LT SREATEN N Y — S & IRER A RO HBUERE AR LT, i,
FALICONTITFHAF & AR OR Y ARE <, BMICREN, AR ign T
TRNWEBZ L, ERL AROEHOBITIE S 5 —F ORGDFEERIC
LHEIICT—Z &M LT,

M T, ARF LRI, [RERETE) BIO ERE~OEIT) OEFH. Bl
bIT o7, [RBEATE) (IAANT LRMKOER, ML L, R KR
B, ABOHBISEEOEHEZITo72, 72720, ERoBHIZ XL, (KER - ARBIA
HDOEFFEIT -T2, HEE~DOWEAT] 13500 m LLEDOWEAT (Schaefer et al., 2009) & &
FULIEMN, BEBIND RS T2120, ANFO LS RITBI OB TR -1,
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Table 3 List of individuals monitored by archival tag.

Release Recapture

Species Tag  Tagtype Date Latitude Longitude Fork Date Latitude Longitude Fork Fork  Elapsed Daysof Growth
No. length length length days time rate
(cm) (cm) method ™ series  (cm/day)

data
Bigeye tuna 1458 NMT ver.1.0 2000/10/11  24°22°'N 122°53’E 55 2000/10/23  24°22'N 122°53'E 56 b 12 12 0.08
Bigeye tuna 1473 NMT ver.1.0 2000/10/11  24°22'N 122°53'E 57.8 2000/11/8  25°09'N 125°04’'E 60.5 b 28 28 0.10
Bigeye tuna 1483 NMT ver.1.0 2000/10/28  25°48'N 127°51°'E 57.8 2000/11/7  25°44'N 127°49°E 59.5 a 10 10 0.17
Bigeye tuna 1491 NMT ver.1.0 2000/10/28  25°48'N 127°51°'E 59.5 2000/11/4  25°39'N 127°49'E 58 a 7 7 -0.21
Bigeye tuna 1527 NMT ver.1.0 2000/10/28  25°48'N 127°51°'E 59 2000/11/5  25°47'N 127°41'E 59.5 a 8 8 0.06
Bigeye tuna 2005 NMT ver.1.1 2001/10/4  24°22'N 122°53°E 63 2001/10/28  24°22'N 122°53’E 65.4 b 24 24 0.10
Bigeye tuna 1088 NMT ver.1.0 2002/6/25 24°22'N 122°53’E 52.5 2003/6/9  33°40'N 145°20'E 77 a 349 157 0.07
Bigeye tuna 1669 NMT ver.1.0 2002/4/22  24°22'N 122°53’E 49.5 2002/9/12  25°06'N 125°00°'E 67 a 143 143 0.12
Bigeye tuna 1676 NMT ver.1.0 2002/4/22  24°25'N 122°53°E 52 2002/5/10  27°10'N 127°34'E 56 a 18 18 0.22
Bigeye tuna 2042 NMT ver.1.1 2002/4/22  24°22'N 122°53°E 52 2002/7/22  25°06'N 125°00°'E 63 b 91 91 0.12
Bigeye tuna 119 LTD-2310 2003/5/13  24°22'N 122°53’E 57.5 2003/6/24 27°24'N 127°19°'E 61.5 b 42 42 0.10
Bigeye tuna 136 LTD-2310 2003/5/13  24°22'N 122°53°E 55.6 2004/11/27 23°34'N 129°22°E 103 a 564 454 0.08
Bigeye tuna A1085 LTD-2310 2005/10/26  27°56'N 129°43°E 67 2005/11/25 27°56'N 129°43°E 69.9 b 30 30 0.10

Bigeye tuna B3474 LTD-2310 2005/6/20 24°22'N 122°53'E 59 2010/6/15  8°00'N™  151°00'E™ 18217 414
Bigeye tuna D0302 LTD-2310 2005/10/26  27°56'N 129°43°E 65 2005/12/15 27°56'N 129°43°E 70 b 50 50 0.10
Bigeye tuna D0303 LTD-2310 2005/10/26  27°56'N 129°43°E 68 2005/11/8  27°56'N 129°42°E 77 a 13 13 0.69
Bigeye tuna D0304 LTD-2310 2005/10/26  27°56'N 129°43°E 72 2005/11/25 27°56'N 129°43°E 75 b 30 30 0.10
Bigeye tuna DO0305 LTD-2310 2007/7/1  28°22'N 128°59°'E 58 2007/7/19  28°26'N 128°57°E 64 a 18 18 0.33
Bigeye tuna D1568 LTD-2310 2007/5/10  24°20'N 123°02°E 56 2008/6/10  25°06'N 125°00°'E 104.1 b 397 117 0.12
Bigeye tuna D2087 LTD-2310 2008/5/13  24°22'N 122°53’E 49.6 2009/9/28 26°40'N 126°40'E 91 a 503 503 0.08
Bigeye tuna D3062 LTD-2310 2008/7/7 34°43'N 143°25°E 66.7 2008/8/10  35°01'N 142°45°E 69.3 a 34 34 0.08
Bigeye tuna D3333 LTD-2310 2008/8/1 27°56'N 129°43°E 56.5 2008/8/5 28°08'N 130°06'E 56.5 b 4 4 0.00
Bigeye tuna D5147 LTD-2310 2009/7/25 26°60'N 128°55’'E 49 2009/8/2 27°16'N 127°16'E 50 b 8 8 0.13
Bigeye tuna D5157 LTD-2310 2009/7/25 26°60'N 128°55'E 55 2009/9/9  27°10'N 129°29°'E 59 b 46 46 0.09
Bigeye tuna D5454 LTD-2310 2009/7/25 26°60'N 128°55°E 50 2009/7/28 27°16'N 127°16’E 50 a 3 3 0.00
Bigeye tuna D5496 LTD-2310 2010/6/30  35°58'N 147°57°E 72 2010/12/22  33°20'N 142°30°E 95 a 175 175 0.13
Bigeye tuna D6715 LTD-2310 2010/7/27  27°05'N 128°53'E 53.5 2011/9/25 23°30'N 125°30'E 81.5 a 425 425 0.07
Yellowfin tuna 1483 NMT ver.1.0 2001/10/10  26°40'N 126°57°E 85.2 2001/11/6  26°40'N 126°56’'E 92 a 27 27 0.26
Yellowfin tuna 1718 NMT ver.1.0 2002/4/24  24°22'N 122°53'E 54.5 2002/8/1 34°16'N 136°38°E 63 b 99 99 0.08
Yellowfin tuna 748 LTD-2310 2003/10/17 27°54'N 129°36'E 68 2004/1/21  27°53'N 129°31'E 76 a 96 96 0.08
Yellowfin tuna B3295 LTD-2310 2004/11/1  24°22'N 122°58°E 62 2004/12/10  24°59'N 125°00'E 64 a 39 39 0.05
Yellowfin tuna D2073 LTD-2310 2008/5/13  24°22'N 122°58°E 52.5 2009/2/17 28°45'N 130°45'E 77 c 280 280 0.09

*1 a=Reported, b=estimated by length at release and growth rate, c=converted from reported body weight *2 Estimated



Table 4 Summary of deep diving behavior (diving exceeding 550 m in depth) of

bigeye tuna classified into four patterns.

Deep diving Starting depth of

Ending (return) depth

Corresponding vertical

pattern the dive of the dive behavior type

Pattern 1 Shallow (usually Shallow (usually “Characteristic” (nighttime),
<100 m) <100 m) “associative” and “other”

Pattern 2 Deep (usually Deep (usually >300 “Characteristic” and “other
>300 m) m) (afternoon dive) ” (daytime)

Pattern 3 Shallow (usually Deep (usually >300 “Other (afternoon dive)”
<100 m) m) (daytime)

Pattern 4 Varied Varied All behaviors
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2-5. Ak & UVIRE LiltikiRE DK

WEKTREE RS A s & BE L TW S 02 R 572012, Ao BE& RO A H

VHTREE & A e R OM B &2 i ~72, H O FEE & LT, “lunar index” (H OB
DVEOE, BTATO, WMAT &, KEMEOYTTHA b
http://www.usno.navy.mil/USNO/astronomical-applications/data-services/frac-moon-ill
MmHEIH L, F v ErfEYER (UTC+10h) @ 0 RFOfEZ W7, Hilso 21T
FELTEKHIZELD EZ R bR, BHIZOVWTHFEE L THEO®RE
(Schaefer and Fuller, 2002) & 0 b 0> 72 9 (T fiRAT 2 S0 L 7=,

SHIZ, BEORE L ORI T DD, T =V AV Z 7 Rek Lz
MR RS & WEKIREE (& B ICBER  A FEEIE) OB bR ~7z, 7272 L
NMT % 73 KL OV LTD-2310 # 7 O —H T MR EE & > 3 — O &L O BILR TR O
MEZLLXDILNRTET, MITICHNDZ LR TE o1,

WTHILOMITIZBNT S, ANFITB W TITAMEEEA EIC L BHoiEk
REPRKRESEL, ZORELZR O, BEICOWTIIMEITEI N Z —
Hi (TEAIRGATED ) 6 KO TEERATEY)) I ERROMBZ# A~z 2L, [0
MDITE N DWW TR A RITEN N2 — 3D Y (EKIRE bikx THDH DT,
FENT N B ERAN LT, ETo, ANF L FAZ L BT, b FHliE T30 AL B
PR U 72 B R D B fRAT I VT2

2-6. KEBEE LUSH

Z 7RO HEE ST KEALE (REEERREE) X, FRICRE T InIC RN IR
WCREL, ZOFEE TEHAKERENEL X OO OMBIT 21T 5 DI iT# I 720y, £
DD, Z L VHEE SN EDOT — X ZMIE L, A, BB O
W,

M T — X ORIEIZLL T O X 9121772, Day log 7 —Z IZfigk S /= 1 H 1
La— FOHEMEL X OERmAKEEZ AW, BRKREZZBELZI LT o
NH—IZ K DAL EMIEY — /L UKFSST (Lam et al., 2008) & & W ffiiE L7,
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UKFSST IZBWTIE, ALHET — XIS FilAKR GREERE 1° X, 1
HEZEOFHE) Z2ABNICEY Y >a—RL, TNET =AM ETITX
HRMEKIE S KT 5, 2B, HEMERRFTEOLEIE. ATH b LIXRH
OETHRA (RFEENEGET 2568 T HEEN R TRk biivwE), b L<
TR OB O E LT, £ % UKFSSTICA S Lz, 7L, MiEshik
FAESHS ETHEMTHY , REZEFATNDLIZEICHEERNLETH D,
B, ANTHREEICE L, NMT # 75 L O—#d LTD-2310 # 7 T,
BEL L —DREDOEBR T, ANRFIZHONT, HITHB LY HICEL BT
THEAH  BEBKLAZ 2 ELIDIENTERVWEARDY, TOHED
MEHEE S RFMEE R > TV, ZOHE RO X I L THREEREZHEE L.
Zi%& UKFSST I A L7, AT THRAITHE)), & L IXZICEBIL
TEREATE A R TS, WENSDEE OKIE 20CLL FOE) . B8 X OEE» L&
JEIZ AR 28 2 DR T Z N ZRIE A, ARE—HL ot %
FIR L. 13 X O 5 O R 7 I A e 9112 200 m & B 2 THEAT, 38 L 18200 m
D~ ELEEREZZNENAH, BREAR LT, TALORAE E &
|Z”Longitude Finder ver.1.00 (Lotek, #7F %) "X W RREZFHE Lz, HEIC
OWTIE, HEEMBEAZZOEE, bLIE, BEMETH-GETRIZORD
Y (ERT, BHEOBOEHA) . b LTRIEO HOMEE Iy Lizb o (D
b —FHFm2 U EBENDGA) & LT,
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3. #8

F1LBRBIUT—IMROME

b KX OVEf O E 2 A Table 212, i iE Z Fig. 212073, 7— A "L X
TAEEMED 5 B AT 36 MEA (B 17.1%) . ¥ 78K (B 7.8%)
BN, EFELTFEHD, FH, BT, —HITEARDBIOESMICLY Bl
ENT, LHLABRE, Z0 55, AARF 6K, FAF 1 EKTIZY 7 HE
REnlemoie, TOHBIZONT, MEBOEBRID AT | EBILHES
WATDZLEZRBHBLTCEBOTHEELTCLESTLENIZETHIN, T
HOEEIZONTIERRATH D, o, ARXF2EE T, ¥ 7 iFEIRE T
LODOMEIZELY T —XO@mARO N TEehotz, I, FnF 1 flIR
(NMT ver.1.0) TliE, iR E TORICHEZ T L, 7302 it E Al
WZT =X 7 VT BT T\ o izl=, KT ORRENT — & 234 Tl
BOT—HICEY EEETHEINL TV, o T, MITICHWS Z &N TE
ToDIEANTF 28 IR, AL 5SEIKTH -7z, ZiH OEKD—F % Table 3
\ZRT,

WA 2% & 0 AT UL 28 MEIR D 5 5 B P o Jo Ot 1 26 R OO g1
& 49~72 cm FL, WiR47 — X Buf5 B 3~503 H. &3l 2668 H) . A HH
W e 1 2 ER iR A R 66.7~72 cm FL, KR 515 — & Huft B $% 34~175
H, @& 209 H) THoTc, ARXNFDHH 3K (Z7 No. 136, D1568, B3474)
WZOWTIE, SN DANCT —ZRSEMEIE L TEBY . Elo, AT 1 EIEK
(No. 1088) 1%, fEE A ED D72 NMT # 7 ¢, EHIMGRE L% O (k
MO HME CORIBAE349 H) Tholiod, P o—# (BiaioT —
27 VTG40 BURE, BigOT —2 Xy a— Kb 122 HETE T) OFF
RINT =2 N EEZHESINTEY, G SNERRIIT 21X 157 B3 Th
Sz, T OREKIEME—. FIVERE BV (BARER) THOE L. AN sk (5B
i) THEM SN, FAFIE S EER (Rt AR 52.5~85.2 cm FL, FfR 51
T X WA 27~280 H., &G 541 H) T X TCHEXZS CHRIELIZBDTH
%
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I2.ETHOME, SMEFTEHNI—VORERKRS L UK

AT

grE ﬁ%b@mza‘:mg SalZad, B OMEITE QFEKEE) ORICKDAER
MRKE L, BEIZHELS (BB 400~500m) #iTL CIREICE &% DK
HESMEATEHAZON 556 L. BRI OEFE bEWE 25 (BETr# 200 m LA
) G E8FE-TWVDHHENRDH o7, MEHBEAIED 5 b BMEEIT T~
THRBETKA LD T, 2 HAEZRW T2 THRRER (4~20 H, V%83 H)
% TR4EATEY) 2L, B bAB bEWE ZAICE EE o> Tz (Fig. 6),
THE, BIRZRICE LS L IEMEOREIC LI SHEL el B 2
BND, TDT=D, FATEOLEOEFITB W T, [EEITE %8 KFH
L2 L EBT DD, BITEZOITEI Y — (SREATEN Y — U &R
W95 ET) I L7 (Schaefer and Fuller, 2010 & [AEED %), 728, Fig. 6
WCRENAD LI, A UARE TR U BT L7 EEE RO EATE) O [FFH %
RETLEOBGAE bR LT,

MHR A ATEY ) 3 KOV TH4EATEY) O fl A4 Fig. 7ICnd, THABIAITEY) 128
WTIE, R B AREBE 27 L, ZRIZEWE GRHEIE 100 m L&) (2L
EFED KT AMEIZEITERG L, BEIXEE GRS 200 m LIE) [ZHE L,
RENORE A —RERICEWEIC LR T 2T RO, RRMTICRD L L
ALz, MEETH) 1BV TE, BT 755 05HKR0W T, BbRHEWE
(EHE 100m LK) 128 EFE o Tz,

BEREATEY N Z — o OUFIES O B EE & Table 51079, [HAIHYITE) I X
OIEEATE ) O SWFR CTO MBI RITZN TN 56.9% B LN 13.4% Th -7,
M 2 & THRMEGATE) ), THEEEATEN ) & b (AN dr itk o> 5 73 B V4 &
B L0 RN R < feo TW e, 7235, Table SIZ/” L 72 ”Afternoon dive” (I
BT 2478 ) . "Morning dive” ([“FRIICHEATT 21T7H))) . “Near charac-
teristic” (M EMAIAY1THE) 1) . “Bounce diving” ([BkIEAIETT1) . “The others™ |2
WT, [ Z0MofTE) 235 bLizboTHY, FMIE3-3 THhR5,

I 3] O 45 SR AT By /S & — o D B BBE K TR BE MR 3 A e 7 — A N A
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T T = RIS EYKIBET e 7 y ANV EEbE - O EFig 81287, M
i ik (Fig. 8a) TiX. MHAIAYITEY) o84, BEIZKES A 200~500 m

KR 10~20C) 2. &L 200 m A% OKiE 20~307C) (24 Lz, THF4E
TE O%E. BAK L HIT 200 m LLRIC oM LI, [ZOMOITE] O%a.
AT O Gy AR R BE VORI T € 200 m LAk ds K OVLAR O 512 4340 L A& #1200 m
L Th o lz, ANk (Fig. 8b) Tik, THAHITE ) OFE, BREIZK
4y A3 150~500 m (2, KRN IX K21 100 m LLEIC oA Uiz, TIH4EITE))
DEEEK L bIZBBTeda 100 m LIEIZofm Lz, [ZommofTHE)] Tik, &
M5 A O FAR 1 100 m LA T, 100~500 m (2 & LB A0 8 4 B i,
BRNIKREBD A 100 m LA TH - 72, 2O K 5 I/ EE I TR X 580
DB, KBIZOWTIEWTNOWEKTH, EOTEb KB OSHDO T
R2INFT IS 200 THY . L L Tz,

2 HZ LI o o2 TE) (TILRIROFTEY ), TEEITE) B X O T2 DT
1) Ofkkt HE (Fig. 9) 13, WIh b EED 1~2 HOBHR KR HEL< (£h
FA43%., 61%. 58%). AT 4 T UIXENENI, 2, 2 HT, HIMNRELS D
WZoN TR Lz, MEETE BIO TZ20MOITE) 2BV TIRIZEAET
NRTCN20 HEUWNT, FEEIZZENZEN 3.4, 3.2 HTH o7, [HARITE))
20 FUNAER TH T b OO Tzl z 25650 6N FHTI9H,
KETI0l HThH oz,

BEREATE N X — o OB R IR RNNC A 5 & (Fig. 10a), 3 DO{THE)/N
A= NIENENT X TORERH (5 cm ZA) THELLA, [HEEITE))
X/ YA XORERL (50~55 cm FL) Tl b ENEH < 38%) . R E LB
AEIZHAD L (ANOVA, P=0.0003), 60 cm FL LL_E o B TIE 15% A TH -
Too Mz, THRIEAITE ) ORIFIRR L L BICHAEICHML (ANOVA,
P=0.0002), 50~55 cm FL {23\ Tl 5% & FEH IR WA, 65~70 cm FL Tl
59%. TN LD TIZ 75~91% Th o7z, T OHFEOHEMITEN, FEHHHF
eI b L7 (Fig. 10b), THBIFFTEY] 2BV T, 80~85 ecm FL B &
P 90~95em FL ICBEWTH L Z 19 H L EL, THETE) BIO T2oftiofT
B OFEkEHIRIZR L2 2~3 BT, KRICKD2EVITHBETIE ARV, 85
cm FL LA EOERIZISWT TIREITE) oMk T2 LT OE L v &8
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{7poTWiz,

HEIC ETEZ1T-o TRV, HEMERBEZRTHELbTNANTFIZE
AR CIE<, £2, BEAHKEBHNIZEALEONLWES, BLXOFDH
MoHa b Ao (Fig 11),

REATEh Y — > DX NENOH % Fig. 121277, [EEITE) 054, BRE
LHICHRBIEL O < EWE GEE 50 m L) 1 Lz, [HRTE ) o
Yih. WEITRBTa 100 m DLk, BEIT—HORMEIE 100 m 720 LE L
WETEITT DI LNboT, HEBITE OB ITEROEEZNRLLUINR L
720 WENEBBTed 100 m L&, B 200 m 720 L EABIE E TEIT L.
Fo, BURLETETAITHA LRI LIEARONE, SHETEI Y — B X
VTR TONRYE =R EDLETEGEDZNZE OB ORI IXEMIZ A
THEBIZES 2o Tz (2 TORBIZIBWTP < 0.0001, Wilcoxon rank sum
test) . $RELATE) /N X — o ORI O HBUEEE % Table 61273, [H&EITE ), [
MAATEY) B RO TRETE] OB HEILRITENZEN 29%. 46%. 25%T
bole, BEEATENNY — 0 OBEREKREE ZFEKIET a7 74 vEHD
b O &Fig 131277, HRETE OBAIE, B&REHIZ10mUED <
KEOWEN 40%< LIEFITELS . FAORYE (B :92%. &M : 74%)
NS0 mPETH- -, THHEMITE OBAIEX, "EIX 10 m IO EN &
b < (27%). 10~100 m Doy AL LI % T, KRERS 1L 150 m L TH -
Dk L, BEIZ 70 m /&2 E— N2, REBZIEIREDNS 200 m U254
L7, RE1TE)) Oo%a ., REOSAmIL e TE ) SElL ., BRiX. 120
mAEZE—NIEREND 300 mfHLE THMULE, 2 BZEICKY) > 7=%1TH)
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Table 5 Frequency of occurrence of each vertical behavior type for bigeye tuna by

region.
. Char- Asso- After- Morn- Near Bounce The
Region acter- ciative noon ing charac- divin others
istic dive™! dive ! teristic g

All*2 Numloer of 1487 349 363 13 152 80 168
days”
Proportion 56.9% 13.4% 13.9% 0.5% 5.8% 3.1% 6.4%
of days™

Nansei Numlaer of 671 285 302 12 118 79 158

Islands days™
Proportjon 41.3% 17.5% 18.6% 0.7% 7.3% 4.9% 9.7%
of days 3

Offshore Num;ber of 157 58 7 0 7 0 1

central days”

Honshu )
Proportlon 68.3% 25.2% 3.0% 0.0% 3.0% 0.0% 0.4%
of days™

*'Excluding the day of associative behavior, *’includes areas other than “Nansei

Islands” or “Offshore central Honshu”, *3exc1uding the initial behavior type

displayed just after release.

Table 6 Frequency of occurrence of each vertical behavior type for yellowfin tuna.

Shallow Intermediate Deep
Number of days 155 249 137
Proportion of days 29% 46% 25%
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Fig. 5 Examples of vertical movement of bigeye tuna. Shaded zones show nighttime.
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Fig. 6 Examples of bigeye tuna vertical behavior after release. Shaded zones show
nighttime, and the numbers and arrows in the graph show tag number and duration of

associative behavior, respectively.
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Fig. 7 Representative vertical behavior depth profiles for bigeye tuna. (a) Charac-
teristic behavior (No. D1568, estimated 70 cm FL) and (b) associative behavior (No.

D1568, estimated 56 cm FL). Shaded zones indicate nighttime.
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Fig. 8 Frequency distribution of swimming depth for each behavior type of bigeye

tuna (aggregated data for all individuals) and water temperature profile for (a) Nansei

Islands, (b) offshore central Honshu. “n” indicates the number of individuals.
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Fig. 9 Frequency distribution of duration of each vertical behavior type of bigeye
tuna (number of consecutive days, upper limit) (a: characteristic, b: associative, c:
other). “N”, “n” and “Med” indicate the number of individuals, the number of days

and median, respectively.
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Fig. 10 Proportion and duration of each vertical behavior of bigeye tuna by size

class. (a) Proportion by size class, (b) duration (number of consecutive days,

mean+SD) for each vertical behavior by size class. “n” indicates the number of indi-

viduals.
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Fig. 11 Examples of vertical movement of yellowfin tuna. Shaded zones show

nighttime.
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Fig. 12 Representative vertical behavior depth profiles for yellowfin tuna. (a)
“Shallow” behavior (No. D2073, estimated 73 cm FL), (b) “intermediate” behavior
(No. D2073, estimated 58 cm FL) and (c) “deep” behavior (No. D2073, estimated 59

cm FL). Shaded zones indicate nighttime.
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Fig. 13 Frequency distribution of swimming depth (bars) with water temperature
profile (circles) for each behavior type of yellowfin tuna (data for all individuals

aggregated). “n” indicates the number of individuals.
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Fig. 14 Frequency distribution of duration of each vertical behavior type of yellow-
fin tuna (number of consecutive days, upper limit) (a: “shallow”, b: “intermediate”, c:

“deep”). “N”, “n” and “Med” indicate the number of individuals, the number of days

and median, respectively.
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Fig. 15 Proportion of each vertical behavior of yellowfin tuna by size class (only

the data for October and November). “n” indicates the number of individuals.
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Fig. 16 Typical depth profiles of bigeye tuna for additionally classified vertical
behavior types (a) “afternoon dive behavior” (No. D6715, estimated 71 c¢cm FL, ar-
rows indicate “surface-oriented behavior”), (b) “morning dive behavior” (No. B3474,
estimated 60 cm FL), (¢) “near characteristic behavior” (No. B3474, estimated 87 cm
FL), (d) “bounce diving” behavior (No. B3474, estimated 66 cm FL). Shaded zones

indicate nighttime.
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Fig. 17 Proportion of each behavior type for bigeye tuna in each area.
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Fig. 18 Proportion of each type of vertical behavior of bigeye tuna by region and
month. (a) Around the Nansei Islands (= 65 cm FL), (b) around the Nansei Islands (<

65 cm FL), (c) offshore central Honshu. “n” indicates the number of individuals.
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tuna (only the fish < 80 cm FL and recaptured in the Nansei Islands area). “n” indi-

cates the number of individuals.
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Fig. 20 Representative bigeye tuna swimming trajectory and DSL depth monitored
in the same area (around Yonaguni Island) and season. (a) Trajectories of DSL ob-
served on 5/31/2006 (Kondo, 2007) and swimming depth of the fish No. 119 (esti-
mated FL, 60 cm) observed on 6/2/2003. (b) Trajectories of DSL observed on
5/31/2006 (Kondo, 2007) and swimming depth of the fish No. 136 (estimated FL, 56
cm) observed on 6/3/2003. Shaded zones show nighttime and arrows show excursions
of the fish into the DSL layer. (¢) Water temperature profile obtained by tag No. 119
between 5/31 and 6/8/2003.
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Fig. 21 Examples of swimming depth trajectory and water temperature for bigeye
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B

tuna. (a) Fish No. D1568 (released in the Nansei Islands area)

(released in the Offshore central Honshu).
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Fig. 23 Frequency distribution of the difference between daily maximum and mi-
numin ambient temperature for bigeye tuna at “characteristic” behavior (a) and for

yellowfin tuna at “deep” behavior (b). “n” indicates the number of individuals.
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Fig. 24 Frequency distribution of delta T (the difference between sea surface tem-
perature and ambient temperature) for bigeye (a) and yellowfin tuna (b). “n” indicates

the number of individuals.
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Fig. 26 Relationship between fork length and daily average swimming depth or
ambient temperature of bigeye tuna in (a) daytime depth and (b) temperature for
“characteristic” behavior, and (c¢) nighttime depth and (d) temperature for all the be-

havior types. “N” and “n” indicate the number of individuals and number of days of

data, respectively.
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Fig. 27 Relationship between fork length and daily maximum swimming depth (a)
or minimum ambient temperature (b) for “characteristic” behavior of bigeye tuna.
“N” and “n” indicate the number of individuals and number of days of data, respec-

tively.
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tuna for “characteristic” behavior. (a) Fish No. 136, (b) fish No. D2087.
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Fig. 29 Relationship between fork length and daily average swimming depth or
ambient temperature of yellowfin tuna in (a) daytime depth and (b) temperature for
“deep” behavior, and (c¢) nighttime depth and (d) temperature for all the behavior
types. “N” and “n” indicate the number of individuals and number of days of data,

respectively.
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Fig. 30 Monthly frequency distribution of swimming depth and water temperature

profile created form archival tag data for bigeye tuna monitored around Nansei Is-

lands when the fish showed ‘“characteristic” behavior. “n” indicates the number of

individuals.
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Fig. 31 Relationship of swimming frequency of bigeye tuna at the surface with
oceanographic conditions. (a) Relationship between ambient temperature (20-30 m)
and nighttime swimming frequency at the surface (0-30 m), (b) relationship between
thermal gradient (delta-T, difference of temperature between sea surface and average
at 20-30 m depth) and nighttime swimming frequency at the surface (0-30 m). R* and
r, represent coefficient of determination and partial correlation coefficient, respec-

tively.
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Fig. 32 Monthly frequency distribution of swimming depth and water temperature
profile created form archival tag data for yellowfin tuna monitored around Nansei

Islands. “n” indicates the number of individuals.
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Fig. 33 Frequency distribution of swimming depth and water temperature profile for
each individual by month for yellowfin tuna. Figures in the graph show average esti-

mated fish length (cm FL).
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Fig. 34 Relationship of swimming frequency of yellowfin tuna at the surface with
oceanographic conditions. (a) Relationship between ambient temperature (20-30 m)
and nighttime swimming frequency at the surface (0-30 m), (b) relationship between
thermal gradient (delta-T, difference of temperature between sea surface and average
at 20-30 m depth) and nighttime swimming frequency at the surface (0-30 m). R* and
1, represent coefficient of determination and partial correlation coefficient, respec-

tively.
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Table 7 Results of correlation analyses for relationships between lunar index or
light intensity at sea surface and average depth of bigeye tuna. Dark and light

shades show significance at 1% and 5% level, respectively.

Correlation
Number of days for each - - - -
: Lunar index vs average Light intensity at sea surface
behavior
depth vs average depth
Daytime Daytime

Tag To- Charac- Asso-

No. tal” teristic ciative All" Cha'rac.:-Asso.ci- Night All” Cha.ra(.:-Asso.ci- Night
teristic  ative teristic  ative

1669 143 27 45 -0.05 0.02]20046 1028 0.36
2042 91 0 33 -0.16 0.017-0.25 W0%d 049

1088 157 112 32 0.03 0.10 0.09/0.19 064 -0.15 057

119 42 12 18 oM -0.31 -0.18

136 454 330 31 -0.04 0.00. -0.40 0.05 [EORSNNE0RZ7NE040
A1085 30 0.28 -0.28 -0.17
D0302 50 6 22 0.06 066 0.00
D0304 30 10.65 EOB2 -0.29 -0.16
D1568 117 15 33 024 0.19/-0.20 [-0.24 -0.12 o4
D2087 503 275 80 -0.0308 -0.08 0.05 [EOBIINOBE -0.06M0B86
D3062 34 11 21 [0¥g 0.36 -0.36 0.18
D5157 40 3 17 0.25 0.14 0.08 0.26
B3474 414 317 15 0.00 -0.09 -0.03  -0.05 NONS

D5496 175 130 33 -0.05 0.18/ 0.40 -0.07 0139 0.20 0.18/80023
D6715 425 238 37 -0.11 _ -0.05 -0.13/0.08 J50M0  o0.06 -0.17 0097

*includes “other” behavior
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Table 8 Results of correlation analyses for relationships between lunar index or
light intensity at sea surface and average depth of yellowfin tuna. Dark and light

shades show significance at 1% and 5% level, respectively.

Correlation
Tag No. Number of days Lunar index vs average Light intensity at sea sur-
for each behavior depth face vs average depth
Daytime Night Daytime Night
1718 99 -0.04 -0.06
748 96 0.2300.71 11030
B3295 39 0.21 -0.16 -0.03 0.07

D2073 280 0.03 0.01 NGNS R0
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Fig. 35 Examples of one day time series swimming depth (dark solid line), light

intensity at swimming depth (light dashed line), and ambient temperature (light solid

line) of bigeye tuna in the case of “characteristic” behavior. Shaded zones show

nighttime. (a) During the period other than around full moon (moon phase = 5.4)

(Fish No. D6715, estimated FL, 66 cm), (b) around full moon (moon phase = 16.7)

(Fish No. D6715, estimated FL, 79 cm).
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Fig. 36 Lunar index (curve) and average daily nighttime depth (bars) for bigeye
tuna (a) No. D3062 (positive correlation), (b) No. D1568 (negative correlation) and

yellowfin tuna (c) No. 748 (negative correlation).
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Fig. 37 Summary of surface oriented behavior event for bigeye tuna. (a) Frequency
distribution of occurrence by time of day, (b) frequency distribution of duration of
diving, (c) occurrence of events (events day™') by fish size (vertical bars show stand-
ard deviation by individuals), (d) frequency of occurrence per day in each month
around Nansei Islands and (e) Offshore central Honshu, respectively. N, n and X
show number of individuals, number of events and number of events per day (range

and average), respectively.
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Fig. 38 Distribution of occurrence by time of day (a), frequency distribution of
duration (b) and daily dive frequency in each month by fish size (c¢) for sur-
face-oriented behavior for yellowfin tuna. N, n and X show number of individuals,

number of events and number of events per day (range and average), respectively.
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Fig. 39 Time series depth and ambient temperature of an example of a representa-
tive deep dive of a bigeye tuna (fish No. 136, estimated FL, 71 cm). (a) Time-series
data for 9 days (depth only) and (b) enlargement of time-series data for 1 day

(11/10/2003, including the deepest dive in this study). Shaded zones show nighttime.
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Fig. 40 Number and frequency of deep diving of bigeye tuna for each vertical be-

havior type.
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Fig. 41 Representative swimming trajectory (upper plot) and water temperature
(lower plot) with each deep diving pattern (arrows) of bigeye tuna where shaded
zones are nighttime: (a) Pattern 1 (fish No. D1568, 6/11/2007, estimated FL, 60 cm),
(b) Pattern 2 (fish No. 136, 11/5/2003, estimated FL, 70 cm), (c) Pattern 3 (fish No.
136, 11/3/2003, estimated FL, 70 cm), (d) Pattern 4 (fish No. D1568, 8/20/2007, es-

timated FL, 67 cm, coincided with approach of a typhoon).
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Fig. 42 Analyses of deep diving events of bigeye tuna based on classification of
behavior into four patterns: (a) Proportion of deep diving events (N indicates number
of events) classified to each pattern, (b) frequency distribution of maximum depth by
pattern (average depth for each pattern shown by X;-X,), (c) proportion of time of
day at the start of descent by pattern, (d) frequency distribution of diving by body

size and pattern.
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Fig. 43 Example of swimming trajectory (upper plot) and water temperature (lower
plot) for deep diving of yellowfin tuna (a) fish No. D2073, 2/11/2009, estimated FL,
76 cm, (b) fish B3295, 11/25/2004, estimated FL, 63 cm, maximum depth 1230 m,

which is the deepest in the present study. Shaded zones are nighttime.
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Fig. 44 Frequency distribution of daily sea surface temperature experienced by
bigeye tuna in the Nansei Islands (a) and offshore central Honshu (b), and yellowfin

tuna (c). “N” and “n” indicate the number of individuals and days of data, respective-

ly.
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Fig. 45 Horizontal daily distribution of bigeye tuna by bi-monthly periods. (a) Fish

released around Nansei Islands, (b) fish released in the east off central Honshu.
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Fig. 46 Horizontal daily distribution of bigeye tuna by vertical behavior types clas-

sified in the present study.
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Fig. 47 Horizontal daily distribution of bigeye tuna (>65 cm FL) by vertical behav-

ior types classified in the present study in each bi-monthly period.
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Fig. 48 Horizontal daily distribution of bigeye tuna (<65 cm FL) by vertical behav-

ior types classified in the present study in each bi-monthly period.
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Fig. 49 Examples of horizontal movement of bigeye tuna with vertical behavior
types classified in the present study. (a) Tag No. 1088, (b) No. 136. Each point indi-

cates daily location.
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Fig. 49(continued) (a) Tag No. D2087, (b) No. B3474.
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Fig. 49 (continued) (a) Tag No. D6715, (b) No. D5496.
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Fig. 50 Horizontal raily distribution of bigeye tuna for (a) “afternoon dive” and (b)

“near characteristic” behaviors classified in the present study.
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Fig. 51 An example of change in horizontal distribution of bigeye tuna (fish No.
D1568) with the change in SST (sea surface temperature) which is considered to be
induced by approach of a typhoon. (a) Daily change of SST, (b) daily change of esti-
mated latitude and longitude, (c) daily horizontal position of the fish with vertical
behavior type (solid line), and the route of typhoon No. 8 (dashed line). Arrows in the

figure indicate approach of a tyhoon.
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Fig. 52 Horizontal daily distribution of yellowfin tuna by bi-monthly periods.

97



© Shallow
4 Intermediate

Deep

140°E

Fig. 53 Horizontal daily distribution of yellowfin tuna by vertical behavior types

classified in the present study.
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Fig. 54 Examples of horizontal movement of yellowfin tuna with vertical behavior
types classified in the present study. (a) Tag No. 1718, (b) No. D2073. Each point

indicates daily location.
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Fig. 55 An example of change in horizontal movement of yellowfin tuna (fish No.
1718) with the change in SST (sea surface temperature) which is considered to be
induced by approach of a typhoon. (a) Daily change of SST, (b) daily change of esti-
mated latitude and longitude, (c) daily horizontal position of the fish with vertical
behavior type (solid line), and the route of typhoon No. 9 (dashed line). Arrows in the

figure indicate approach of a tyhoon.
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Sz (Fig. 10a), ZAud, EROPREELAFEHEICBIT 52 MIEEON Y
BRI L DIIEY N E L LT 50~70 cm FL C 90 cm FL % 8 2 2 {8 & I1XFE % 12
D7y Z & (Williams and Terawasi, 2011) & #6435, Schaefer and Fuller (2010)
b HCH B K FEPED A NFIZONWTREORE R ZRE L TWD 0, KIFFR L [
U EME#R (55-95 cm FL) Tl L7854, THAATTEL ) O SRR AN X
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DK<, THEEITE ) OBERELS 2> TnD, ZOHBEIZ SN T, HEENH K
FFEICB W TILE /812 L 5 FAD (Fish Aggregating Device, it D A T.iEf
fiE) MENILLATOITEY . FAD IZJEWEHICHFET B2 6N 50, K
WFIEIC L0 FHA U7 B AT 10 75 56 5 10 R 5055 O — S8 O MRS L h i Fk

(FEX) FREINTEL T, ERXFAD Z Wi —RIci3fThoh T
WRWEBZ B, AEICEET 2SN KEELY b Ko7z &
MNEZ LD, EEEIZ, REFFETIEL, 65 cm FL LA EOEEIZZ LT O FIC
HRTHECHHT DI ENENoT- LT & (Fig. 47, Fig. 48), T Z &
2 THEEATE) ) OWERBMEVEBHO —2iZhosTWndEEZLND, 2L
65 cm FL DL L OEKIZFF PERE B IR FUZ 04 LTV Th TIAgITE) ) 2R
ZENEL AL (Fig. 47), F UM TH - THMAMES ~DOERFEITHKE & &
HLIZHADTHEZEZOND,

FE P o IR BV T, AT o TIBEATE)) O HBLSREE, kY1 X
FVERZSTEbO0, BhRKRMEWKER (12~3 A) I[ZiFE<, 1
FAZT TD 5~11 HIZE < 72> Tuviz (Fig. 18), HHEIRICE 1T 2 /3 A
LD ANTFRERIT, FICLVETRRDIZBOD T~11 AlIZEL 252 &N
2 (WK PEM R v & — R — A=
http://www.pref.okinawa.jp/fish/jyouhou/jouhouindexold.html (Z X % 454 « H Dk
BT REEV), TIUIARFRIC L D8 BWRIC RS T 2 AR TIHETE] ©
MBI RE L HLIBEES L TV D, AMNPEHEHRICE VT, AF 0 TFE
TE) OHRITIETF (6~8 A) WKHFHIZEHI 2-oTEV, 10~12 HIZiX, 131F
ﬁuﬁﬁmkEiofwkkﬁﬁéﬂkm%#ﬂbbfG@AﬂF%%ﬁﬁj

TIF L A EHBLL 2o 72 (Fig. 18), Z Ok TIXEEROF A ILHE S
TELT, ANRNFIIEHBIOCEFEMICTHASE, 7V TME, &
SOMEICLVEFREINDIDN, TNUSAORIIIZZ N HIRETIE
A ETES N2, TDZ &1, RIFFRIC K 2 HEICHIT 2 AF 0 [if
HATHE) OB E b 8T 5, (o T, IOFE, 7V THOMBNANT
OIETBHOFHEICEAKR L TV D REELZ X OND, 2B, AFRIZLD
HEORMN PS5 TEETE) o3RI, MRS SERICK T
% lAkk7Z (65 cm FL LA L) IR A X & D WIEREIZ K- TiX 65 em FL
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UTOEEKEERTEELS 8> TWD (Fig. 18), D Z &b, ks L OFE
NWOREIZ X0 RV A R CTATE RN R > T D rREMER B 0 | B
LRTE

KW KD AT o TIEATE ) OF kR HIHEIE 3.4 A &8 < (Fig. 9).
T AUVIT HE R SR B I T8 22 S v Schaefer and Fuller (2002) (3.1 H).
Schaefer et al. (2009) (3.7 H). Schaefer and Fuller (2010) (fa {4 A X L O
WO 7NV —TTHEFF, 1.0~32 H) IZXDRREBBLHULTWD, Fiz,
Ohta and Kakuma (2005)i%{HHEA 5 830 O 7 AAEICZ G542 EE L Ta— KMk
v — (R FTRE 22 B E IR ) CTROTEIZBIE LR R, Mg
BT 2R REHI (24 RefHI DL L OBEBL 72 UICIAE S 2 IR o JufE 1 3%
FLEANFTENEN 7.9 B, 7.0 A, AR FETAY A JELOHIMETHE
L 7= Dagorn et al. Q00IZ L B &L FNF L ANFTENEN 8.0 H, 4.8 H L #
HEINTWD, ZROOREND, WL L ITREE~OHEITS £V EHH
TIE 7 VHEICATEZ BN TV D & B X Hivd, 7238, Ohta and Kakuma (2005)
IRE ZAT o To W EUI AN TR OIS E LN DD, A NF OUWAEHIFITA
WIRIC LD TIHETE ) OB A2 KE < ERl-> T, Zhid, &oF
FIZBWT, 200 TH)) T —HAECIHEEL Wb eE2x oD,
ANRFITHONWT, FRIZIEIT T 2178 (Afternoon dive behavior) | 73 FLz i)
m W R CBIE S v, RIS PRGBS IV TR TIREITE) (21RO 18%)
Z EElD 19%DWETH o7, ZOTENT. APNEITEZHD 2 E TIEERTYH
FFICEWBIZE EE-THEY, ZoMIT TEEITE)) LREDONY - %2R
LTWb, 207, L &b BMO—HORFRITAMESFICHEE L/TE s
EZbND, TOTEOKFESAH THHETE) & FEERICHERE AL T%<
BlgishizZ & (Fig. 50) & 2 & X FF7 %, Ohtaand Kakuma (2005)1%, A /3
F (50.2~76.5 cm FL) OATEHIZ DWW T, BIZEH D 5 H D 57% T MAMEICHTE L,
B2 LA (BMGEEZ O 74%1F 12~17 BF, £— F 14 EBH) 55N A
MEHENCTHORS (EURRZ O 82%1 19~0 FE, E— K 21 FH) /¥ —r
TholcZ bZHELTHEY, ZOTENTAMBIZKIT 2ERENEWZD &
ZLTWD, ZOTEANE = IR RICEIT D TFRICEBITT 5178 &b
—HLTWD, £/, TFRIZEIT T 2178 IZBWTERICES BT LEED
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WEPK TR EE 130 25 D i 12565 < DSL G, 2007) D3 A ERE & &3V (Fig. 20b),
ZOZEND, TFRICEITTAITE) X, MBS ICEE L-EENEEO D
BRI E 2 DN CIIT T 21TEI Cd £ L HEW & %, Holland et
al. (1990)(X/ "YU A JHi0 D FAD ([ZHEE L2 A RTF B L UF AE R KK 10 ~ A
NN THILD FAD ICR ST Z L2 WME L TR . 26 2 O IRERES 2 D
IIIA L, ERUCESE[F L FAD 4, BERLZ DKL TV S D,
Ménard et al. (2000a, 2000b)i% K V8 £ 7R E K235 C FAD ([2#§4E L 7= /Mo
ANTFBLOFATPREEEAETH HY X7 %V Vinciguerria nimbaria
BLOBHREEZEL L TEHLTOW 2R E LTS, AL (1999 B
OT i (2008) (X MBI 36 W TR AUEAT T IZ THIE S iz o & 3 fatik
(CHEAE LA, BB, SR A BICEA LTV mE LTS, £,
Graham et al. (2007)iZ/~7U A JE30 3 T FAD |[ZH4E L 72 ~ & 1%, 50 cm FL R
WCIXEE L THMESAES, S0em FL UL ETIXEE L AR L OHIRENE
DAXFEALARVZEEZEBHLTCWZERELTWVD, 2D OHFEMKEX
D, AEEICHEEL TV ARTFBIOFAFIT, —HO/NRUEEKZ BV T
FELUTHRIEZBEN TEEL TWDORIEENRBEZ LN D,
YA, ESAHENFHAEFEOHEDICHET 2BBICONTTELEHH S
NTWRWA, B, fREEH»S ORkEE, RBIEHTEDON OO NH 5 h
. AL ("Meeting point hypothesis”) Z 2B+ 5@ E 2N H 5 (Fréon
and Dagorn, 2000), EiRD J 512, AFEICIHE LT ANRNTF BRI AAF T FEL
LCAIEICEHEL TV ARWERZEBH L TS E@EIn TRy, AalEziih
THEEL TSI ERHHEND Z s, MAEEED BIZEEO D Tk
RN E WS STILTEAS TR 2 5 & L 72\, Fréon and Dagorn (2000)1% % 7=,
HNZERT DL TREDODIRAZEZWOVIELILENTEDLLELTNDA,
BT TIEANFIZONTNUEERO S TIETE ) 2175 BAERmN &
MRENTWD (Fig. 10a), FZ 25T, Robert et al. (2012)1X, ~VU A
BITDHFAD O3> b T —2 W (EENICHEE D FAD B{F7E) THAE L., /I
£ (30~39 cm FL) (xR f (63~83 ecm FL) X W FAD (T4 L TV D EER] O
ERPEHD (ZREN 67% B LUN52%) ZL2HmELTWD, Eo T, MfEE
BT, NEUER O 3 EICHE O FTREME E 2 FAD (ICHF4E (B£4) LEENh

105



R L TRERELZRMTLEERXLHE, ZOBICEET 5, 723, Dagorn et al.
(2007)1F. BEEME KR FRRFICFREZHEALLITE b ®RE L TWD, o T, #
FREICIEE L CHEHMO O bz, REP SEEER CRKFICH L TV Z &
PHERINTEBY, 26T 2LV REZK T LMD D BN THEL TV L
Zenm s, TEASGHTH) IBEEOMERERLES L, AFRORS Z
NEIFTDEEZEZIOND, B, FREZ T TR A, 778, AR
EMICIRE L2680, Tha xR e L TThi 2 13 TId/NEER 2 4R
THREINDZ D, WEOHKBIIFERETHDIEZZDBND,

AR TR ENT, A/NF T 65 em FLA1#%IC T THEETE ) L0 [
ATEN OHENRZAZRRE D, BT 5Mm (Fig. 10a) (Z5WT, bk
WO XS, MIEICES L THAEZERLL TREEDO Y X7 ZEH T 52720, X
DEEIZENLTVNIERICE W CTRBEE~DIHEDLENEG Rolofed)
LEZBND, £72, 65 cm FL DL EOFERDSRRIENAAE L2 WIERIZ b £
<HAALTWDHZ & (Fig. 47) &, TN Z — U HRZEICHFS LTV 5 AR
PERBEZbND, Iods, THRAITE) ] OBRIZIE, ERIZ X0 B O FE 50k
ENREKTHEETR NS DD (Fig. 26a), 2B Tixal, Bhn
., 50 cm FL & O/NUER T HEEK 300 m Th D, 2F 0, D7 < &b AR
ZETEE LY A XOFEAETHNIE300m e LEN EOBKENIIHT D
TENRINTEY, MEEITE] OBRIZIZRE 1L 200 m EIZE EFE - T
WHZ L EAbED L, REICHE I EAKED DM FIZTEI Y — U RED
FrrHBTERNWESZZIONS,

ANRFIZEWTBE I N TFRNZEITT 2178 (Morning dive behavior) |
oW T, ZOHMIIAHATH D5, SHEATE, FATHICEIT T 2803 M8
MATED ). B0k 0 ORERIE TIETE ) ICHEET 25606205
(Fig. 16b), B HIZIAMES ICRE L TIHE L7ZBROTEITH S WRREN B 2 5
N5,

FANLIZONT, AFFRICENTAAFO TIBINITE) ), [HETE) oX
O 7o RSN EATEY OB IL A S L 7e hr o 7z, BETE O #E TiX. Holland et al.
(1990)iF. NU A JHID TR LT 5 kD 5 b MERIEEIC X0 B O BEKE
FEIX 3 AR TR < TIEMITELS 20 L 1 EERIIEB RO d ol LW
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L T\ 5, Marsac and Cayré (1998)1%. L =4 &HI TOBEIZB T, f
TENZHEAE U 7o 8 AR VX A0 BE 2 B L 7o B IC S S CEDR IR IR S L < IEeR0E
7o TWiz L4 LT b, Cayré and Marsac (1993)1d 5 /& O fafifk ~ o 1F 4
ITENC X D8R E DA &2 KRS KB FBREERZH N TET ME LR, BER
K OFEMEEEATEI OBR O AR IXFELL L Tz, KH - i (2004) (XA
i < OFAERICIRE Lz 1 iR iRy 58 em FL) D EGRIRE A, &
EAT 50% DO FRERH] 2 EREE 20 m LAy, B MIEAY 50% O RFf] 2 ¥REE 50 m LAk T
MWL, REDPOHEE 150~250 m (T E TOEAT - LE2BRVKRLEE
WELTWD, ZULOREENDL L, I X PAMESE~IHE L ZBEONEITH
DM 722, SEATEINZE S EEMRSEHEETREINTELT, )
O, AFEICHEEL TOWERICL L IBRERIEBITL WD Z bbb, o
T UHETEIZ RN T 572D OEEMRIERELZG L Z LI TERNP o1, 5%,

AR FEERAES L TR CEB, SEHRAABICEE L CEBEREREKRS T
— AV E T DRFEEBREFIZL Y S OIZFHEMICHROIMNERHDH TH A
9 TRB AMFFEIT BT 3BV IO L 72 EATE N ¥ — > D ZER A T,
M PRGBS DI kT T#E1TE) (Shallow behavior) | "% < HEBLLTEBY, =
DATENIIH AR TIZD 720 Z v D (Fig. 53) . FatESs (W4 U 72 BIC WK R E
DEL RDABERBZ LD,

ARG B W T EE RIS Cd 2 /M v ah BIEEICIE, 2 < ORENRE
INTEBY, AT, INY | AYFEOHRNBRBEIIHELS L TEBY, I
AR E LY OREOREEZEDTNDEEILND, LAl
NG, MENA NSO AFEOEIRE L OEIEIZE X 2 EBICO VW TIEbho T
WR, RIFFEOREREN S SWEB B b AMESIHENHE Sz ARFICo
Wi, EdRo@ Y TEETE ] OMHIMITE . £/, ANF FAxL
HIT, KEBBEZRD L, MEHBERICHEE T 258 COLRABOFEET DB
Rk & FE LA WIS O i oA L, Zel 2% O#IPHZ HEICBE L T
WD EHEE STz, 6o T, ZROLORRERLLMBY , A chodhx N LI
HIEESTLED, HDOWIFATEICL Y EFEICEEZ 5 2 52 KEITRO
RN T,

AIFFENZEBNT, ANFOX KB HI1FEWL B LITEICE(T DM
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FHIFAZIZE R ONT, e LAKRS RN R 57 (Fig. 15), T HEEK
TSR T 2 &M E TR, &g TI/NMEE (3K % 30cem FL) 2»
O RAEMAR (BXL%Z 120 cm FL) £ T, REENEETIIHREMEGE (BXLZ 70
~150 cm FL) 723ifaf% X CH Y (Williams and Terawasi, 2011), o KB E K T
b IR~ DI FB L ORE~OBIMERH D L EZ B, KFFROR R
EHMK LRV, 72720, AFRIZEBW T, SO EEEE (5 #EiK)
07, BREBPOFEHORY b H DT, R A X LREATENNF—1 D
BIfR 2 REANCARIA T 5 Z L IXTE o, A, BEREEHESCL, AR A
XL ZEFHOHPFHZH L THRIET D2 HEND D,

FMESE ICHEE LB ofTE & LT ABFZEIC IV T AN T EEE R O $hEAT
AFGFH L TCWeEEZX OB A 64 (Fig. 6). EEEALDF CREATIT
L CWEREERZE X LND, L, AU HICEUARECHEE L 72K T
bRFALLZWGAE b A ONT, £/, AL TVWDLE5E ThHE:f o b —iHEE
DRLDITEEWROH S Ao, o T, AERLIZBWNTIE, —2DOHN
ELTELEE-THBHLTVLEDTIEARL, W DD D/WTV—TTITEI L,
BRENPO—EOBENNT N =T NOBEND Z L b HBEICHD LHEEI LD,

A3 BERENBESTICSZAIEE

ARF DLy A JE KRSV T, Schaefer and Fuller (2002)13 555 #uly K SEPE IS
BT DB (iR 88~126 cm FL) 122\ T M 20°CE K IRAR L 0 %
WE AL Tz LA L CwWb, £72., Holland et al. (1990)I2 & % &/~
U A JEZ BT B BEEA (57-75 em FL) 1%, &R 20°C & KIEMR L v @ &
A, BEIZ 14~17TCORBIZ oM Lzt #HiELTB Y, Wil REFZEOHEF
LR TH o7z, ABFFEIZI WV THERM, AEEICIHE L R2WES DN E O K
BARRZIEBDR 1I0CR2NLENZLe EH>TEY | 10CE FEID Z &iEd
727> 72, Bvans et al. (2008)(%, ¥ > FHFIC I T A NF (S kg 77~91 cm FL,
BHRF 91~141 em FL) D BERMIZ BT 2 oM EAKEIZRKF 223 10CH LT %
ALLL B Musyl et al. (2003)IZ\Y A JHIBIZEB W T, A NF O 4y A ficfK KR 1
80.0+6.9 cm FL O fE{A TH352p42 10°C, 131 cm FL O ffl {& T 7°C, Matsumoto et al.
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QO0S)ITHEBRFEFEIC BT A NF M (s 121.1~170 cm FL) D3 Afifk
BABEIZRBRBERRI~NRTERE LTS, Zhbid, —# 10C L 0 KV KIE
WA LI REUER 2 BR O CIEARFE ORI E bR —8T 2., £, A6
FRICB T, MR (R 8 S MBIk s X OV g ik) W C/AKIROEhE 7 1 7
FAITEWA SN2 (Fig. 8), 2 TOTEI Y —rORMP L TiFE
TE OBLAOBBICEBWTESMOR T 20COE LY EHTh oz, -
TR R > TH ANF OSMEEITI T 5 KIEIXFEEE T, £72,100 cm FL
PLF OERIZEB O TERIE S EAREIL 10CHETH D 2 ERnbnd, S I,
AWFFEDOFRER LV ANTFORMOBEKIEKEIZERE L & I 7 5 m A A
DAL, [FERRZR#5 2L 1E Musyl et al. (2003) b #t & L TR . KREFEMRIZ E L0 KK
BEANEIGTEDZENRREINTWD, Tk, REOKIBEOEAIZIES K
DR EEA LB IR A XL ADMB%Z AT (Brill et al., 2005) Z&I2k5HD
EEZBND, B, RIERSAEAKED 10°CHHETH HEHEIZ2V T, Brill et
al. (2005)1%, AT FH AR SRR 20CEDBIZE THAMAREL LT\ D,
Tl L, RFGEICB W T, REAKIRNBLE 22CE 5K H 0 (Fig. 31),
ZOHETHLRIESABEKIEZTZBLZ 10CTHY, 2T TIEFRHATE 20
EBbND, RIREFSEOEHPHERNEBRL VD AEERSZ LN, 4
BIDROIMIEDLETHA D,

ARHFFENZ BN T AT ORIGFF I~ D 5341 Fe R ITKIE AR Tl 7 < KR <
DHLEOREBRLTNDZ ENRRINTEY, REMIAEKIR (29CHIZ) I
22 DRI R B ~DO S HBBYT 2 &0 I FERNE L2 (Fig. 30,
Fig. 31). Boye et al. (20092 X % &, AXNTFT OERIEN & & < 72 55y 135 2L
D5 KRG THY KR 200D & TR OREIL2CTHL ELTWVD,
o T, KIENHEVITEEWE AT ORGVBET HIEEITEIRICR D AT
BEMERH Y (ARXFIZONTIZDNR> TWRWA, I 4 TlE Neill et al. (1976)
2LV 3B5CEHMEINTVD), 20D, EFICEFRBEMEOREKRD & Z
AIFWETTVWD EBZ LD,

X NZ D34 JE KR IZ O\ T Holland et al. (1990)1X U o JHDIZH 1T D #l %2

(44~72 cm FL) (2 X V@ IXIRAE KB W & (g RiRiTs L2 20
~25C) ## & LTV 5, Mitsunaga et al. (2012)H 7 ¢ U £ ¥ o [ & 2 FAD
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ICHFE L7~ F5hf (25 em FL) 131 & L CRBRABICHE LR (D18
KR 28~29°C) LA L TWW5, Weng et al. (2009)IC K% & A% aBicBn
THEIE LR (HEE 136~155 cm FL) XKD EMIT 22~28C (BL %
60 m LL&) . B 16~28COE (I KL% 200 m LA¥E) (Z434i L TV 7=, Brill et
al. (199NIZ LD &, U A JH0 THE LI-ER (HET 64~93kg) ITRBKE HIC
KERGy 25 200C LA E DI 454 LTz, Block et al. (199712 k5 &, BV 7%
V=T IR RIS TRIEE LT ER (8~16 kg) D 43 AR G PHIL K 43 23 15~20°C (20°C
EREMAITOKIE) ThoTe, ZTHOHOHMELY | T AKX O34 fEKIE T BRIX
15CRWLENL BT, RIFEOFRREFEHED LLITENEID bEI 2T
7o, FEXH 72 (28 & kbl U7z) oA JE KR IZ 20T, _EFE Holland et al. (1990)
(RBBLEZ D ICEDKIEEIZ 68%DIF[E434H) . Mitsunaga et al. (2012)
(2N %, Brill et al. (1999)3F X % Block et al. (1997) (Brill et al., 1999 235[ ] L T
FRAT) & BT KE 1T R EAKEND 8CLLNTH - 7=, Hoolian et al. (2012)
X, BEE 90%D R 2 KX RE KRS 6CLIN, BRMIX 8CLLINDJE T
WL TV AL TWD, Weng et al. (2009) 1T F KRS 6 FELL LK
KBZEET TWDHEHELTWVD, TNUHDOFRRICOWVTHEARIFEDO L D &I
PLTWD, IAXOSMT 2 H MRS (i) K& RIEKEDZEICDONT
I%. iR Schaefer et al. (2007)1Z -5 < HE K FEHETORILRIZ L D & "Type 11
behavior” & fir 4y L72pEATEN N X — 2 (2 NZ— T LT D BRAPNIEITT
%6 OTE), RE 150 m UL EOEATA 1 HIZ 10 B2 EEER) OHERK
18.8°C, E— R 82C T, R DR LELL Tz, B, TDOHHEDOEE
AT D AR DB Sy A 1L, K23 11~14°C, £ — K 12.3C T, K#f%EoD
(RIE1TEY ) DA LY HIEKIETH -7, 723, Schaefer et al. (2007)D & %%
TR 3 A0 L7235 T O Rl KIRIXE — RAY 20°CHHIT & ARAFZEDO H D L v KD
Tholc, TNHDZ ENDL, INXOMESMITES L TKIREIZL > TH
FEINTNDEZZ b, ZOREDREAKRMENGEIES SITEKREE T
BITCTEZD LB 2N 5, RIFZEICET D AR OERE T O34 = (Fig. 34)
NHH, INXORMESAATKIBRAEZEFEL TWDLZ ERbnbd, KL,
KEMIEOKRE DML EOMIZOABE TRV ODOADHMEN L L,
29CUL LD mKIRIE ~D AL A ANF L RIFRICHRD TR > 72, HIZX - Tix
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1~2 Ky DT =2 LinZe | HEDRY B2 5 & KBARIZT TR &
WARIR BT TWD AR B Z BN D, AMFFRIZE N T, FAX T, AN
FTELHB L FRICEITT 2178 BRALARN-TZ, ZhiZ, AT
DEEIT ER O X D ICHERIRE DN KIREIC L > THE S, £ D70 BRI
KIEODSLJEE CIEBEIFETE RN EBEZ LD,

FREATEN & KR & OBfRICOWT, AN LE»OBRFT 5720, BEED
WMEICEDS KIRE M & ORR AR ~T-, £ <AEOKIEZ{tIZHolland et al.
(1992)FIZ XV L TFTOBEBRXNRINTEY  ANTKIBEERIBOZENSEL DR
B2, BEIOENTORDEL (FEE) MO D Lo TWVD,

th KTy =T)+T, SR (RIS T) B (Ty> T
dT, : Y .
ST T AT, R REER) B (Ty<T)

Z 2T, Ta WEKIRCC). Ty ZKIE(CC). ke B L OklTZ N FAKIE (KIEKT)
R COVER (KR RS B0 2BSHIR R (BVREROIE) (s). Tp 1XEH
HE (°CsT) BERT,

B2 P OERFICES L CTHIE L7 RIRIZHE-3< Holland et al.
(A9 E D L, 79 em FL O A NFITE T HERGEE 1T 1.12 x 107 °Cs™, 2
TRk, BL Ok 1T ZNEN522x 10" s 3L U4.01 x 1075 LB Eh
TW5, KWL RBRICT — A NV 7 %2 fGEIc s U CRIEZBE LA
5 (2013) BLOHE (FME) 12X D&, 50~95 cm FL @O A XF|ZEBNT,
R HAR I ke BE Pk (ZFNZFN2.5-75 x 107 s BL13.5-45x 107 s T
b, ThTh, KELLEBICHERBAOEN, BXOFE TRV L OO
g & s STV 5, Dewar et al. (1994) (JRE & > ¥ —Z KN O IR I A
LTHIE) kb &, XA ((KE 0.97-2.18 kg) DOREAZHIEI k. B X
kg I ZZNEH 125 x 107 s (FEHEMR 2 3.6-5.0 x 107 s™) B8 L0V 1.59 x 107 5!
(HEAEfR 75 3.2-83 x 107 s") TholmtHmESN TS, £/, FAS (2013)
(T —=HANNVE T HIEEICEERE) [2X D &R Bk 35~51 cm
FL) (ZH8 ) 5 EEBGEE ITIBITI L2 EFETENER 1.0 x 10° BE W 2.0 x
10°°Cs' Th D, ZNHDOHMA LY | FAZIIANRFOR L 10 f% 0 pEEE &
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ThV KB CHEET D & ANRTFOLBZEERHIZIZT AT OESLUTTHY
REBNPORECANFTHET D EEKE EFFOLOITIETREDO S DI K
10 5 (JEEN) 72 L 100 5 (RRATIE) 1272 %, 6o T, ANFIIERGE
BNHED DD, ARNEEZHLREIC L0 TE OMKIE FICB W TERIE O T % 1
2 EEIZ ER LEBIZIEZOR L Z 105720 L 100 50 E TEAZ R D AR
HZETHRIRE FREED, —FH, IAZEANRNFICHRTERENTIH DL

O, WIRZRFETDENITE Y . O DEAKIEDOEREIZIT—REAJIZ L
ETCERNEEZIOND, UEDZ ENnD | ANTF LI AT TE 5 KR
BIOKRBREZENDEHY, 207D, JRWIKIRI L OKIRZIZHEIG TE 5 A
NFIEMEIE VR (100 em FL LT OERICE W Tkl BTeda 10~30C, 1
ALK FEFEICB W TIERED S S00m (£ T) IoMTE, —FHRHTZK

3 K OVKIRZEIZ LDEIS CER NI AT IINMATELHREFLREI LT
HZEBNbND, ANFOMRIK, o F ARV F A G FHHLRR)
ZH L TW5 (Somiyaetal,2000), TD I EIZk->ThH, HiFELEGTHHMNY
DFTHEHERSIT LI ENTELLD, RBA~OIMAITHIE L TWD EER
bbb,

AWFGE CIXIRFRE R IR EE ITWE LTy, fEA (1975) . Hanamoto (1987)
X, ANRNFIZE > TOR/PLEMIZ I ml/l TH Y, B ARITWEE & T V65K
TIEZ OREICHAD T 2 OITEE 1000 mLAIETH 5 L@t LTV 5, Josse et al.
(1998) 1T B FB K FIEIC I WV THIZE L7z A NF LR (77 cm FL) 23 1 ml/l D EAF
MR (oxycline)iC XV HESNTZEHE LTS, D, AR TR
AR RIRE I ANT MR EORIRERIIT RO R o7 EZX LMD, F
INZIZDOWT, Sharp (197812 & 5 & AR R R I O Fe /NP AL R X & 50 cm
BELO70ecm 2BV T 149 ml/1 B LN 232 ml/l EHEE I TV D, RBFSETE
ELTEANTOWRATENNBIZE S -/ Pk B Cli, WBAE»SZ 0/
B (26°N, 127.5°E-23°N, 132°E) O T A > BBV T, 1.49~2.32 ml/l DEIRLF
MRFERIIEELLZ800m THY (RBJTHE—LN—U,
http://www.data.kishou.go.jp/kaiyou/db/vessel _obs/nagasaki/index.php) . A#F 5212 35
FDFX AN OFARENRKET 300m LK ThoToZ &b, 1TEAESAE
FEOHRIRER SRtz BEZLRD,
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A-4R—BEICETHAMAROMRMBETIHEDLEK

T—=AANRNNEZ IRV BRINT, BREEICBIT 2~ ngAaEs LV
IR TH DAY FOREATEOREN N DD D | RFFEDOANSFEBLOY
FATOFER L OHENATRETH 5,

Kitagawa et al. (2000)I T > FH#FICEB T 57 v~ v (ks 45~78 cm FL)
DZEEHIOERTE 5347 2 fEHT L. KIEAK 21°C TRE AL OKIBAF A K E < 722
o7 6 HIZiZFEE LTCERBEMTICHM L, RENOEE 120 m £ TKIEAIZIE
—ED 1T CThH-7 12 AIITZORAIIZIEHFICHMLIZZ L. BLOY
FKEMIETOSMIZKEARICEFL TSI EZWEL TV, 2L, &F
(ZRJE AT DA bR @& < 72 o To AR FEIC K D B Bk O A N F 38 LY
¥4 (Fig. 31, Fig. 34) LT O Th 523, SRESMIZKIEZDH DT
T2 < AKIRARPEEL TND LWV FICBWTIEAREDOF AN LIET D,
F72. 12 BB 2 oM EREIIARMIEIC X 5 /M lasE B O ¥ 84 (Fig. 32)
DHLOEFHEBLTHWDEN, ZRUIMIANRTEBLRF A (FRZART) LD
EL o T, REKIRIZ, RIFREDOANFEBLIOIAF LT 5L 1
~ 7 aDfMMEL g o> Tuiz, Kitagawa et al. Q00T kB &7 n~27 1 (Jik
f 45~78 cm FL, 7 —H A NV ¥ 7 & JEVENICHERE) OEBGREIL 2.2 %
107 °Cs™, BEHAAEIT 3.65 x 107 s LT S TR Y., FEREE T Eiko
INLEE LA ANRNF I EL BRI F A Z L0, KR
THROANRFEHFHL L TWDE, o T, 7~ 7 gm0 ERGE ) &L ORIR R
FFAE IS X 0 RAGRICHEIS L, WIS m KR T Cldd— N—t — M7z 5 Al fetE
NHDHEZEZLND,

Ogura (2003)8 X OVNA (2012) (ZERMNLHEILMPICT TD 6~7 HDH
Y A (iR 41~50 cm FL) OSREATEY 2 f#HT L. SO RmKRIZS L2
20~25C. pARTREZIERER 53 2% 50 m LAV T, BIERF £ 100~200 m ¥ TEAT
Lz & Lo, Zhid, RAFFEOARIN iz 17 2 A 3F (Fig. 8) &1&.
KEKBIZOWTITEME L TP | omEEE, TEETE] OBIZIFEE L T
WA, THAIRITE) | OFRIZIE A NT O BIE 5 IR EIT L T,
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Uosaki (2004)1ZF 23 E Lo v o+ A (BiiiF 78 cm FL) O $hEATENIC
WT, 6~9 HITIZEE & HITKERS 40 m LAk (KR 14~18°C) 12, 12~4 A
W2k, BENIEKRE S 100~350 m (KR 18~20°C) . & [#1X 0~200 m (18~21C)

WA LTz & Le, Zauid, RUFE o RN Esifgikic 17 5 A 23F (Fig. 8)
LT, BT HIE6~11 AIZEWT 100 m LE~DOE~O DA MIEE ALY
RoninotcZ b, BHMECELILGETHARNTIVNENI L, LnoTtiE
WAR BN, 2o X5z, FAED LIEHME T, [ Uiy, i, kT
BEINLHFETh > THIMESMITITNRD OBFEBNRR LI, B>, [FH
CHETHEHICE > TRRDZENDMND,

A5 EHEMD RN EXRFEEICEZSEE

ANF OEEATEC DWW T, [HAPITE ) OFT X TORRH, B L0 [71%
AT 2178 ORME X OBEMICEAT L72BRICIEBE R o REICESSFE T
e - Yk DSL O ARREIZFEGA S L <3< 72> Tz (Fig. 200, i
SIEVWTFNbEEZFEFICBLZELZ S O TRV, DSL D434l CW\T\Hg
200/ LI GANEEMED 5 AR 63 BEIEEMITICH T 5 6 A GT
2008). 10 H Gk, 2007), A EHICHITS 1, 3, 5, 7, 8, 10 H (I
. 2008, 2009a) . PHREAE RS L ORI HEIBICE T D 12 A (I, 2009b) &
FOEEALHES (25° N, 123° EfFir) 128175 8 A (Leeetal, 2011) (&
TH. DSL ® HAEZEF L ORRICEIT 5 400~500 m 11T T D540 R
ENTEY, L &b fEE AR X OMEOMER CIXEL LT\ L5
ZoN5, o, R IXBIEEN 2006~2008 FOKAFICDTZ - TED | 4

CEOT DSLOGMIREN—FRTHDLZ Ea2mBRT 5, 207D BEEOFnH

2k % DSL ONMIEME LT 5 Z L 1Z AT B LIRS AZ OHkiTHE %2 H
FT 0O FRARERICRDLEEDND, FIZAANFICEHAL X, BEE D
WZDSLEOELIZHHTHZ L TUEEM~OEBEELEHDTNDHLEERD
nos,

ARIFFRTOLBIZIB T, BHEIL, BHIZ AT OEKIEEIZDSL L0 X
REL o TV, ZOEMBIZ O T, DSL 28 b TR L 72BEOREILH 500 m
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T ZZTCOKIBIET —HANNVE T T —HIHESEH10CTH -T2, — .,
RGN L D A NTF O ARSI EAKIRIT 10°CHHE7Z2vw L ZEh ETHY | DSL
BRI AR R IBVERE ChH o 72 LINE LI2HE . KRR o 7z 7o iz — B
BZRGEEZRONTIEIDSL OWRE L TRETE RN oL EBELOND, 1272
L. KVEEMZRMBETODICiX, MBABZFRECBETI2LERXHL EEZ LN
%

Bertrand et al. (199913 28 ELIE (SSL) (X E & L TAE DA U B BHEHE.
FRBEIC L O SN, TNODOEMITARTF, FAL BV HOENEY
MBbAOhoTEHELTWD, HiE (1987) 1T, "F AU REEES
tovA 277 NEDSLZRKT DEERAEME LT %, Watanabe et al.
(1999) 1%, AL R FIEIC BN TEZ S DNF A U BHHEBITA FIZIZRE 100
~150 m, EMIZIE 400~500 m (204 5 HEMEBI ZI1T, £z, W< D
P2OFEITHESREBENIITOTICRE & bICEE (200~700 m) 25T 5 2
L&A LT b, Moteki et al. (2001) 1 B EVE K ELEICB W TIL 2 e b Tifa
BEINTRMBHEOFTNEDO S5 LAFAIZHON T L, AANFiFEELLT
LARXZYE, 7 uBZFHAR, ANE VR N IA TR AEEZEEL
Tz E#E LTV 5, Bertrand et al. (2002)i%~7 L > F R Y 27 FiOIZEBW
TIHARDTHES NI ANRFIIELE L TAT DA TR, A"E VR, 7
0 FHAREEBLOCHEHAEEL T ®mE LTS, 1> T.DSL
HLIESSLIZFTELE LTANRTORELE R LEMTHEELINTEBY, AT DH
JESREBE, $rEITEIO DSL & ORIFHITEBEO LD TH L LB X Hivd, Josse
et al. (1998)F L O Dagorn et al. (2000)ix, 7 L > F R U X TIZBWNTANRF
(£ 77~100 cm FL 33 K OV 25~50 kg) O vk T8 & SSL % [RIKFICBIZ2 L
ANRF OFEREE & SSL X, &HIZ 100 m LLIEICHAE, BL ORI FRET 5
BROREN —FH L TE Y, RE 350m (KR 15°C) (22 L72#I% SSL O A& T
L7z EMELTWD, Zhid, AL R, KIEMEEE 2546 2R Tk
WEKTREE ISR A D MIRE L =BT HZ L E R LTWVWD,

FNZIZ OV T, Moteki et al. (2001) 1% B EBEVE KSEPE D 1T 2 7 bIEW 1T =
ELTaxzYRMEEEZEBHL Wzt RmEL WD, /2, Eko X iz,
AR LR b PiRE o fE, W, BHREAE EL LTEELT
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W2 2 ERE SN TV 5D, Schaefer et al. (2007)1%. F X NEFEICERE (150
m DAE) (CHEEBICEAT T 2178, 100 m BLERICEH AR W 72 WA 12 DSL H
DM > CTRETLTEH TH D EHR L TV D RISV T VREITE
DB BN ERE 200 m if: £ CHRZICIEATT 24THN A o, Ziudm
w351 5 DSL O —#5r D434 (T, 2008, 2009a, 2009b) & —FH L T
F 0 . Schaefer et al. (200712 L D HEM A2 ki35, 7o, Tk (2008, 2009a,
2009b) (2 X%, BT 200 m PLEIZAr A3 2 DSL %, sk, e, i IS
FoTHETRRE-TEBY, ZOZERINTORMOBEKEEDENE LT
LTWAaRElELEZEZ 5N 5, Josseetal. (1998) X7 Lo FRY 2 TIZBIT5
BT, B E DI ORERIHICB W THEAE (60 cm FL) O BFIKEE A SSL
ECHLTWEZ L 2RE L TEY AFRICKE T DR E FAERERTH D,
INHOREER, wEIcEkSEs, KR THBE LI A OITE) (IEEITHE),
[P RIEATE ), TREATEN)) OZLE b2 b TEHRO —~2 L LTIXHEDOH
DN BZHND,

4-6.BENEXREICEZIRE

AHFFETIE, ANFIZHONT, AW L WERS O3 (lunar index) & & [H
DFFVKRE DN IT A OB 235 L7z (Table 7)., Z4LiE, W& OMICIEDH
EARRALNTWD, b LIEWMHA DL S ITITERSBEITTOhEPEm< D& L
TUW 54 (Schaefer and Fuller, 2002; Musyl et al., 2003; Matsumoto et al., 2005;
Evans et al., 2008) LI T 2D TH D, 2L, AMERICENT, 7T—4
A7V FZ TN XD HETE S LT R 0 R & AR ] o0 B VKR BE OO T I3 IE 0 AR B
WL, Tabb BEREWIE EEREE DR 72> Tz (Table 7)., 4L
i EFRoWE., BL O v~ s (Kitagawa et al., 2007), 2 F 2~ 27 1 (Bestley
et al., 2009), A 7 ¥ Xiphias gladius (Abascal et al., 2010; Dewar et al., 2011)

BFoWE LR CMHERMTHD, APFIEICEBWTHL S OFHFEFE L LT lunar
index EVEREIMEZH W56 THEMA —H LR BB O —21250n T,
Kfge (BE) FIZLY EREOREZIANLEERTTMHBALRNZ LR3HD LH
AbND, BB, AFRICLDBEMAEITEL LTHARIDMEIZ ML TV L
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HeE S L7 (Fig. 45) . B AT TR MO K5k TH 5 72 HIF R D H A3 o
WL VDR EOTD AN OB GO 2 & Loy &1 X e
ST ENBIOLND, 212 L, RFFRICEBWNT, F—EEICOWTITHEED
EANTEET T EEEZRNT—HLTRBY, MEOEADMEMOENTEL
U CUFPKIREE & lunar index D BAMR DO B 2 fifHr L7 EATEL TWD, £D72D)
ARZELHEBL TN EEZLND,

BENC DWW T R BRE & EKIREORICITEOMHBENES LClY ., R
BECTRZSEGIIEMER CHEMTHY , MERFELDHICONTHEL £ TF
TLTWDZEChd, BEOMITIZOWT, BEEDOHE (Schaefer and Fuller,
2002; Musyl et al., 2003; Matsumoto et al., 2005) TiXHEH LITAN (B XY
Hontb o) ZHWTWA 2, BEICIZABITEBEOREICIZFEA EEES
HxhnweEBz o, 20Ok, AR THWZ X 9 22 EEICBLI S vz R E
EHNDIONEVGELNWEEZEZIOND, £z, AMEE~OMERLEIZ LD
IRENRELSZTLHZENRINTNDHIDOT, ZOREZERI D, HE
TENSE — VBNCIT T 2 ONRZETH A 9, T DN LT, BEAEOH
HETEEREIN TV NS T,

AHIZE D E<SAEB L OZOMOBROBEIKRE N E/T 5B & LT,

MEICL 28OS HIRE DN E X HILD, Isaacs et al. (1974)F L O
Tont (1976)1X DSL OVEE NS LUV KOBHE L EOMEEZR LI & %
WE L TWD, Dewar et al. QUINITIHMERELNRKELS RDIEFEEA DT X DI
KRER L ODSL O MIRENES ol 2 2 WMEL TWD, 722 L, A
FRITHT D A NTF OWEKIEE & lunar index b U < 13 #E2  FEE o M o BIRIZH
fEARZE 3 FL 57z (Table 7), #EUKEREE & lunar index @ BIFRIZ DWW T REE (£
&) ILED2RERNDHDL LN L ThHLIREDNMNN S b DS, kg

FELMEREREORBMGBR —E L TWARVWHEBIZOWTIEINTIEHHANRTE 2
W, BZONHEME L TR, AD LIZREIZIS CIoEEM O EATEIO
flEd LI EBEBEICLDEWAZET D, Clarke (1973)1L. D A JEIL
BNWTEL DNZ AT BHRIEOBEGRIREE (X H ORI H OFRF & v <
RoTeN . EDOHI> LD 1FEY~ U Ko7 U K F Hygophum proximum (2250 T
ANEERITH A O & XXV EELS . AT A ORFICE VRS AL Tz o
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L&A LT b, Linkowski (1996) 1AL R ETEICIB W THFE LD NT 1A U
BB O KB O SAARETMAROFNHARLVE,rsTZ L2 RE LT
Do ARBFFEIZENT, KB DA NFOREKEREIZARIZE - TRRY, 1o
T, ZEBEORBIZHML TS DI TN EnbaY (Fig. 35), &L AT
EM O PIERIRE IS EL 5 2T, AW ORI X OERER O MR E
WIS C72RE A OEWBBER L TW D A REMENR S 2 B 5, 728, Kitagawa et
al. (2007)1Z7 v~ 7 2 OEMOBERGEE & BREOIEDHBIZOWT, KRFERK
MICITBEITER TRWVWEZ 2N 2 b, RO D EHLEL TS,

FNLIZONT, BEBEEREN DR, S5, M Lz 4 @& 2 #E X
BN L DR ORMRE Z BRI TERholoind, BEKGERE & REOBRIT
X5 &V L7 o7z (Table 8), 7272 L, KM OEGKIEEIZOWTIX, AL D
B IZ A OMBENE S L, MRERE L OBIZIE, 1 @EETEETIERY
LoD, BELE2HEEKELEOMHBETH o, ZHIEA AT LR E R T
» 5D,

pk, BEICB T 2EREE & ORFRIZDUV T, Schaefer and Fuller (2002) T
X, A ZERATS 3 BHIF & ENLANDBEIKIREIZ DWW T, AT 22 fE{EH 8
EERICAEEENR O, 5B 5 EERITH A M CEKEER RN L @E L
TW5h, Zaui, HEKEE & lunar index & ORICHEMBEANALNTZON 15
B 4 ER, 55 3EEICHOWTIEDMHBT (H 235 W IE KRR A K &
V) BELNIEAMEOHKELIZNTH D, HEL, WThOMIETHLAEM
B R oz TEY, BEIIARORETIEAERNEEZD
NHZENL, BIOERICEDZBDOTHLAREENRE XL LMD,

ANRNTF O FAF L BT, RWIE TR S A2 WEKIRE & lunar index & D[ D B
FRIZ DWW T, lunar index IXRFMIIC K L CIESZHR O MM 2 L2325 2 &
5 (Fig. 362 M) | EKITEIO B CAHHBANFHFHE L TWAH AL B X b b, -
L., AXOEERRATND EEZLNLIEBOFNBE LY bWFICHEE
FIBR R DR DO ENE N o722 & BEO, lunar index DAL & I1FIF
Al L7 FRKIREZ R L TV A KRS R oid 2 &6 (Fig. 36c) . ML E
KIEEDOZALICEBR L TW D AREMREZ BN D,
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4-7T. REBHEFETBEA DXL

[FEIHETE ) OHBBEEIZOWT, RIFFE (A NF : E¥24E/H, ¥
NK Y] 47 [B/H) TIRBGH KRR EIC B T 2R (AT 0 EH 7.9
[7]/H . Schaefer et al., 2009, F/~% : Y15 143 [@/H . Schaefer et al., 2007) X
Db e D BEMEL 22 o Tz, 7238, SEEIMkGEIRE I 13 80 AP B I I
BIFOIARTBLRIATTIEENEN 225 5B LN 285 plilitisn Tk
0. ARKBFZEEO LD (ZREN21.8%, 27.75) LRV, o T, K
VPECHEM LR RICB O T, AT, IAXE I, BRI
AR TERBICHET D HENEN -T2 L2 d, ZOBEEBIZONT, LLF
DZENEBEZLND, AR CEBE LR CIIHEMAEERAER LD bRR
KIEDE S AKIBAELN/NDNS VW, 3-7 TRLEXIICANRNTF EXIATTZNEN
KEPFEAKRL X OKIRAENDKE WG ICEREHEENMES Y, 20k
DA ROBERERIREIZE EEDHENERN-TEEXOND, WAL
WCEHIC K DB RO, FEEERBEERO XA F [ BROF A (KB 0
A P R YIRS B T A BLER) & L ICE BITITHE MK L 72 o T2 28 (Fig. 37d,
Fig. 38¢c), ZNHAEROHHBATHL EE X BN D, 7272 L, AN A D 2
NFNWZONWTIEHERICHENEL 78> TWiz (Fig. 37e), Z OWFK CIIEZET
HERMEAKIED 28CLL T THDLZ ENIFEAEThHo 72D, RUFZEIZEB VT A
NTIRBETTNDLEEZLND29C LD IR, 2D ORBFUTIT S WL A
BETHY, FMURMOMEE BRIV HENS Lo TWEHB B2 b
b, ALV HLEFICHENHWVHEBICOWTIEAHTH LN, EFITHEN
7% TEETHE)) LEEL TV DOAREREBE X 6D, FAXITEBWNT, 8
A9 AIZh T T, WERE OKIRAR) ORI ~o 55 b
RN L (Fig. 34). ThiZ TREWAETE ] OHBBEEOHM (Fig. 38¢c)
MNEE L TV D Z ST HBRGED,

AR LD TIEFI AL OFRAARF IS [ REWHEITE)
L, BB OVEMGEREH O XN DOEFRELS-oTED, AT OHMED
HNFBMARKIBETWEBNREERTHLZ LICLDEEZLND, 2N DORERIE,
X HRMEORFREOWBN R EMHFT IBRICSE LR LFERTH D,
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ANRFBIOFEAZR TREHAETE ] 2172 BAIZH LTIV,
Schaefer et al. (2007)ILF NZIZOW T, EBEIITHE), #HiEY - thoLy (A vh
., 7V T8, SO ~OWE. EIMTE BB L TWD LTS, #E
ATENIZ DWW T, AT (TR S, 1991) B L UF /4 (Schaefer, 1996) &
HICKBICEINT 2 2 &, REFFEICE W T [REHETE) OhENKMB X
OCREEE (ANRFDOR) TEL o TWH I L EBAT S, EIIHIZONT,
BT L B0 MflL bIZRKEAKIR 24CU LMWK TITOND EHE XD
NTWo, KIFRICE DT — A IS KRTIEBBTa4~12 H
W29 % (Fig. 31, Fig. 34), ZAUFAZFEIC TRBHEITE ) OHBEEN R
K BHZEEIIMET 20, TOREIZIImFEE HICREME (0~30 m) ~
DOMEENELS 72D 2 ENRENTEY (Fig. 31, Fig. 34) Ziaunn [FREW
FEATE) OHBBEEDOFEHEICL O RB->TVHLEEXLRD,

B ARFRITIBNT, AT RER 18 D5 b 7 @I (TR
M) 1X T REWAETE B E bR IN ol ZOHBICTHONT,
IO OEEITBIEHR A E T & B S 3 W T AR H B E
PMMEWE L HH (Fig. 37) I 7 TR I TWbdEtExohD,

4-8. FBEITOEHADER

ANRNTF I L OF AL 500 m LURDOERE ~EITT HITENC OV T, BEICDH
5 X TE Y (Schaefer and Fuller, 2002, 2010; Musyl et al., 2003; Dagorn et al.,
2006; Evans et al., 2008; Schaefer et al., 2007, 2009) . < OHHIZ O\ T, EEH,
WBEATEY, AP OEK, FERREL VS HEBRES N TSR, M
X372 TV,

AWFFETIEANRFIZONWTIEZ K O HEE~DEIT] (550 m L) OFEHIH
BEIN.ENOEZDELU T L Z & TW L OO 23 F 5 4L (Fig. 41) .
FDAH=ZALZDWTHELET D Z ERAREIC R 5Tz, W LT/ ¥ — 2 TIE
BRI L > - DIFBREICH HREHFERNE ZADOEITEBB L & HICHELE
HoNH =22 T, AR TR LD BT RE (70ecm FL LA Eo) fEAR, FF
{2 75~80 ecm FL Tl 0.62R/H & 1 H 1 [BIZHD EHEETHY (Fig. 42d) .

W

120



WATEH TR BEITOLNIITEHO —DTHDEE2 LN, BATIERE O KE
S35 700 m Kiifi TH Y (Fig. 42b) . ZiiE, BEICE L L TEE 400~500 m |2
iz, 600m W4+ GIEAE, 2007) & L < 1% 600~700 m (Lee etal., 2011) 2% %)
T HERESNTNDDSLOEEL BIRIE BT L5206, ZOHAEOHE
ITITEIOEMITIFEL LTEETH L EEZDLND, AFRIZEB VT, BH D
IR E & & BICRT 2 mA R 54 (Fig. 26a) . KREERIZEITHE /)
WEVREEL, TNEENPLTEMEALTHWS Z ERHENEND, N2 —2 3 (&
WEZAPLEITERG L, ITRIZZDOEEFRNEZAICELEED) ITo0
T, TFRICIBITT 2178 OBRICA OGN D 2 ENE L WATH OWIEIRE X
(AU ATTEY ) DGA & FARIC DSL O MEREICES 22 2 &b | IR R
DRE, HHWVEBHODEEZ NS, —J, NF—r 1 (FRNEZAH»
LIBITZRBLECEWE ZAIZRD) X, ShiEBEIEHEA K& < RREE
REIMONZ = ZO RS, PMREERIZEEWVEECTHE L TWD Z L3k
MThd, ESAHAEHOHMEEILIIDE, WHIHD > v F Orcinus orca ¥} X A
X = K7 Pseudorca crassidens & #45 & 41 CUV % (Nishida and Shiba, 2005)
Flo, ALK W TAF T R U2 600 m 28 2 57217V, BT
HFIZHEEZIT> CWERBEERH H 2 L 3HE T\ s (Minamikawa et al.,
2011), ARBFZRITE T D ANF OEATIRE © Z IS L (Fig. 42b) . /MDD A
NFFEEHRINDAEERENTHAI ZENDH, RE—2 1ITBWTITH
BENOORBITEEZGATHWDAMEEMEREZ X DD, ¥ — 2 4138k~ 7280
EATEIZN RO, BROBEIZE Y RETEH LW O L, ZOERIZ
TKIREDOBREOZIZ L0 ERATEH N E L T2 AeEREZE 2 b b,
FNLIZONTIE TRIE~DOEIT] (500 m BAR) OBIEHIR 12 &0 7 <
FZDIZDANTFOLIATEHZ S L CHEMICHREF T2 2 LIXTE R o720,
ANRFITHARTHENIEFITELS (0.021/H) FARITEITHY . 2 HLUWNICH
EOEITZ2To T HELE AN Enn, OO TIEARL,
ELTHEEDNS S GFET LT TE L RBITEROREENR B DN D,
ARWFGENZIBNT, ANF | FALX L BT, 1000 m ik 2 5 IEFITROVIEIT A
BlE sz, AANFIZEBWTE, [/ A2 9 HFET 1000 m z 82 21T % 3
[l Fodk L 7= B2 i 7= 2% (Fig. 39) . Schaefer and Fuller (2010)%, . [A] UfE K
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XV 4HMTI1000m ZBx HWITE 3EIGREL-FFZHMEL TEY, 28
2o, ZOTENER LEBRIZHEE 77 em FL & ARAF%E (E 71 em FL) & it
WH A X TH DL BBREN, A TBLIE S 7ok KIEE 1616 m 11,
Schaefer and Fuller (2010)(Z L % 1902 m IZiZ M iTR Vb DD, 2 E TICHA &
N2 AT OWRGEE & L TR ARHE DO —>TH 5, Leroy et al. (2009)H A /3
FT 1498 m DT EZRE L TWHDEN, WTNIZLTH Z DX 9 REWEITIX

T L Ron T AHEOMICRITTEZSA2Z D225 5 L,
Schaefer and Fuller (2002) & 54 L T\ %38 0 KBEITEI O Al REME N B 2 B 1L

%, 72 %3, Schaefer and Fuller (2010)(X A /XF @ 500 m PAE~DEAT DLHE % 0.12
B/ EHMELTHY, FREREDAIZO LD LD 50 m EWIZE b 5T,
AWFZEORER (031 El/H) KV BEEITEY, . Z ORI L 72 355
ROEPEILR CHREEIZ 3 TKIR IS K O IR B IR L AR K 5 8IE R TH
NP REPE L W 375 & {K < (Hanamoto, 1987) . £ D Z & A EAT O i PR
RIZ7z o TNl B BND, IAXIZONWTH, AIFETRONTZZD
D THEWEAT (1230 m) IZPEEL S L < IEZF % BBl D 6 D23 Schaefer et al. (2011)

(F K 1423 m) ., Leroy et al. (2009) (& K 1315 m), Dagorn et al. (2006) (K
1160m) IZEVHESN TS, ZNHDEATOHBIZDOWT, AT LAk
DXRBATEN G E X HNLD D, RWIE TR (Dagorn et al., 2006 : 1 K] 57 57,
Schaefer et al., 2011 : 1 Ff[#] 30 73) OWMEDRH D L 2BET 5 &, EEHITH
DAL BZEZDND, ZNDLOREIL, 2HE 1T, —FFITIIIEF ITE W
KR, BHFBIEREESOMERSHDHZEEZRLTNDLEFZ LI,

4-9.8AE/NE A v FEIR

AWFRICEVFEONLMR, BIOREOHAZELE THREHFT L2 LIk
0. ANFIEL EIEV (10~30C) /KA. BHEKIREZE (BKK 200C). K&
FERE (BR/DTEEZ1ml/) ICHIETDIENTE, REMPOHF AL L
EFHTLHI L THRELREL, MEMNICELVFEEICAERTETHIEEZD
N5, WEKEE L DSL OO RFHIE, AR OEFTEIAEH ALY D534 125
CEBINTVWDLIZLERLTND, oT, ANFIL, AHEEOHEY I
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FELTWDIEAZRO L, WHERE~OROVEINERS K OEREDZENL
T, FRENLIWVEELZRINL TBY, ZANHEERMNEBREH & 2o TEHbLR
TWseEEZBND,

FNAIL, SNE AN REKE & OEICEVHE S, 540 FEERITHR
HAKIBIZIEWE TH DL Z EDRRENT ZDD F & L TERBEMITIZHAm L,
ANRF O XS ITBBICIEE 400~500 m i (RBFETHA L72ifi) o DSL
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Fig. 56 Diagrams for vertical habitat selection of bigeye and yellowfin tunas.
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