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Patch study on the early life ecology of Pacific bluefin tuna,
Thunnus orientalis, in the Nansei Islands, northwestern Pacific Ocean

Keisuke SATOH

Abstract: Annual catch of Pacific bluefin tuna (PBT), Thunnus orientalis, fluctuates largely
from 0.9 to 3.5 ten thousand metric ton. Because the most of catch is occupied by prema-
ture (non-adult, juvenile) fish, the annual catch of this species is influenced by the recruit-
ment variability, which varied ten-fold yearly for this species. The recruitment variability of
marine fish species is generally considered to be adjusted during the early life stage from
fertilization to recruitment. The long history of studies on the mechanism of recruitment
variability revealed that many mechanisms and factors work simultaneously on conditioning
the year class of fish during the early life stage. The factors and mechanisms are different
by each species and by year even for the same species and it might be different for each
spawning event. The knowledge for growth, mortality, advection and diffusion are piece-
meal, and the mechanisms of recruitment variability are little known. The larvae derived
from a spawning event react to biological conditions (e.g. food, predation) and physical condi-
tions (e.g. sea temperature, sea flow) during the early life history. The year class is accumu-
lated number of survivor during early life history. In this study, the patch study was ap-
plied, which tracked identical larval population (patch), and collected the larvae, food organ-
isms and made oceanographic observation repeatedly. The study is expected to understand
clearer relationship between environmental conditions and larval growth and survival.

The objective of this study is to provide clearer understanding of the early life ecology of
Pacific bluefin tuna, especially for recruitment process in relation to environmental condition
using patch tracking method (patch study) and to establish a basis for stock management in
the northwestern Pacific Ocean. In the first chapter previous studies on hypotheeis of re-
cruitment mechanism, distribution, growth and mortality of early life stage especially in lar-
val stage were reviewed and made it clear the object of this study. In the second chapter
the feasibility of detecting and tracking the larval patch was discussed. In the third chapter
larval transport and distribution was studied and appropriate protocol of plankton net obser-
vation in the sea was discussed. In the last fourth chapter larval survival and growth were
studied for modeling growth and survival during the larval stage.

Seven high density larval populations (patches) of PBT were tracked with reference
buoys, and repeated samplings were carried out in the northwestern Pacific Ocean for 28 to
171 hours in May-June from 2004 to 2008. Before detecting patches, a number of samplings
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using 2-m ring plankton net, average 52 times (6 to 80 times) to catch an initial patch , were
carried out. For this study, the successive collection of larvae from the same population is
essential. Two pieces of evidence of the success of the trackings over several days to a week
were found: the growth rates (0.2 to 0.9 mm day ') that were estimated from changes in the
mode of the length frequency during each tracking closely coincided with the growth rate
(0.25 to 0.85 mm day ') determined from analysis of otolith daily rings: and buoy trajectories
and sea current directions showed good agreement. The PBT larvae of same patch were col-
lected in every patch except for the Patch 8 on 2nd tracking day.

Patches consisted of a number of cohorts. The larval spatial distribution structure was
studied using variograms. The range, which is one of the parameters of variograms and
horizontal distance indicating no correlation of larval abundance between two stations, is
considered as an indicator of horizontal distribution size of cohort. The ranges did not
change significantly during trackings and the age specific ranges did not change significant-
ly. The analysis of variogram revealed that the patch typically spread horizontally 15 km
ranges and the range of cohort showed stability at least five days. Although the detailed lar-
val horizontal distributions change in accordance with the oceanographic conditions and pre-
dation pressure, the larvae were identified one assemblage typically in 15 km range. We
should make plankton net tow every 7.5 km in order to detect larval patch, and at least 30
km range in order to observe entire distribution of larval patch. Larvae were only distribut-
ed in the surface mixed layer and diel vertical movement was not clearly observed. Patches
were entrained in mesoscale eddies (~100 to 500 km diameter) which propagated westward.
Some of such mesoscale eddies in this area are known to coalesce with the Kuroshio Cur-
rent. The spawning area and the recruitment fishing grounds are thereby linked by the Ku-
roshio. Results suggest that cohorts have a stable spatial structure after fertilization (i.e.
during advection, while entrained in mesoscale eddies). Therefore, the spatial relationship
between spawning events and mesoscale eddies is concluded to be important for the recruit-
ment process.

The significant difference in the length frequency distributions between day and night
sampling clearly indicates that net avoidance occurred. There was also a significant differ-
ence in the length frequency with different mesh apertures of the bongo net. It is likely that
net extrusion occurred in the 2-m ring net. Therefore raw larval density must be corrected
considering the net avoidance and net extrusion in order to obtain an estimation of the true
larval density.

It is tested that the hypothesis that large body size and rapid growth rate always affect
the larval survival of bluefin tuna positively, and analyzed larval growth in relation to envi-
ronmental conditions. The otolith radius and its daily growth rate of the survivor (collected
on later tracking days of each tracking session) tend to be larger and more rapid, respec-
tively than those of the original (collected on earlier tracking days). A large body size was
found to positively affect the survival of larval bluefin tuna, as did a rapid growth rate even
at an early larval stage (after DAH 7). The otolith radius is influenced positively by sea tem-
perature, the stratification parameter and food density and the growth rate is influenced
positively by sea temperature and food density.
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KD 7 v~ 71 Thunnus orientalis (&, 7550
WA 1L LTaoh, KFEFEDOHEGIHDLKR
AR AR E LTwh, KEFEZa~v s aig,
PO TR RMEECHTA T D27 2~ 7 3 Thunnus
thynnus OMILFHFE & XN Tw72 (Gibbs & Collette
1967, Collette & Nauen 1983) %%, I b2 FU 7T
DNA OfFENT 75 Z O 2 FoAGiEEED R & (Chow
& Inoue 1993), BIfE Cl3mifE % FIfE & 3 5 2 3G
ENnTw3 (Collette 1999) ¥ 7 1@ id ¥\ FHIE
L, K¥¥Eorza~<ra (1. orientalis), KWEED 7
0~ 270 (T. thynnus), 3 F 3= 20 (T. maccoyii),
AINF (T. obesus), ¥N% (T. albacares), ¥ 7
# (T. alalunga), ¥ 4 &4 <270 (T. atlanticus)
BXWa v+ 4 (T. tonggol) O IFICHHEEING,
KX TIE, KFfEO /u<r7az KEosa<x s
oEfEiE LTIk, Hicrzu~ra LIk T 5, K
L, KFETIEIEE LTRRFEOILE20E 5 540
ORI AT %205, Bt —A M) 75
Za—=V=F Y FRBIL DT IS5 MT S (B
= 5 1974, Itoh et al. 2003)o 0 25 1 iefid H AR F
IR PFEMOHARREZBEFIC L, &FIIHET
9 % (Inagake et al. 2001, Itoh et al. 2003)s 2 %5 3
AL PR TS S L, BEp ARk
LDORELEVRDOONLE OO, ZEEM»L A}
PSR F TR RE LG U722 BEEHE » o [l < &
— YV ERT o REHABO—EBIIE, KFEERWT LT
FORARTECPED, deRva R 2 mdulC =il %2 L
LS DBUREETE U721k, IO 72 DIV~
Ja 3 AL H 5 (I 2004)

KRR B A7 0~ 7 00EiligEE LT4 ~
6 237 4 V¥ Y HMHE QD (K5
1966, Bayliff 1994) T2 X, —HIII/NEEFHSOR
W T HAFADRO B (B 1970), 8 HIZIZHA
WTHREITWLZ SN TWS (Ml 1974, P4
JII 1986) o JPIEAKIE26.5C DY, FEINEB X £245K;
MTaIb L (Miyashita 2002), E3¥1 2 SMUEE IR
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3mm Thb, M4 HHTHIOL, BT H BEIZHIT Py 2535 v OMTRELEHL
3 %o HME%20H H THREL) mm oMk %, B Tw5b (Fig 1-2). HADIE 2 CHEHE, A, KEB
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Fig. 1-1. Study region off the coast of the Nansei Islands, Japan, showing the 7 study
sites and patch numbers, with buoy trajectories (solid lines) and tracking start (S) and
end positions (E). Dashed lines represent 200 and 1000 m depth contours. Inset -
rectangle: study site; large open circles: fishing grounds to which bluefin are recruited
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Fig. 1-2. Annual catch changes of Pacific bluefin tuna by country (from
http://kokushi.job.affrc.go.jp /H22/ H22_04.pdf)
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%o HARMG R TIIRML CEMIIZEIC X ) FREICh
o THEITAHMAD, FEMMEICIY =B I OH
RiEOME TEZED SRR ACRANEI
TWb, BERMD LEEHBBBIIH,TTE, F
ZHTIE M L ) KRB oA SN TW 5,
DL T F EWPRMICL 2 REMTHL7-0,
RO R DARTED I AL E) DB % Z TR\,
a7 adNAREIZEICLE > TBLZ 6 /5051085
Rl elMbNTWD (Yamada et al. 2006,
MacCall and Teo 2011)o Z D720, RFED I AZE BH%
HEged 5 2 &%, HHAERTMIC S BFREH K
T AL TCHOEETH S,

AWFEE 7~ 7 UDOMAETVEREL L) LT
bL7uy s MIIEO—RTHL, 2O7uy s b
WD 2R E R BRI o< 70 0BEONA
#OTHNIH B, FHOHEDO—>E LT, EAIEZS
NAED ) LA E TR LGS E R L H1T7:
OV, TOEROMAREL BB EER, ARSI
Fe AR AR DY B BRI, W EBE, KR, AN E L,
HEFE () TAMBEET LT A EBELON
5o &0 BARRYIZIZ, biological-physical E 7V & HESE
T5ZEEIET (72 213, Allain et al. 2007, Gallego
et al. 2007) . WyBLEROMIE CI, WERGRE TV &k,
TEBETVEERL, fFaERT LR TT, Ml
TR DRSS 2 REREN 2 BB % (&1 L - Tig,
rana 74 OVigELR EOEYBEEED) fET 5. AW
FMMHECIX, BWTOWMFEE L 72 5 EINAEZ B 5 2
2352 8E, RWT, ZOHBROMAT TORE - 4
P BRBEENEOMEAZHLMICT LI RO
5o AR, mBEORE - ERAEBOMBINALED
FoNb, RKETIE, OO MBAEE e L
T, TRFTOMERE T LD, RIFEOTRE E®K
ZH LMLz,

MAZEFE

WZE AR T L OIS 50 FRNET LD
AOLEEZTFNT A 21, HARBENICERTH 5o
1004EIZ EMDOAA D ZOREICE D A, VT 2 —
OFF# Johan Hjort % 456 & 3% ICES (International
Council for the Exploration of the Seao HFi-HEAE FEFE
THR) OAYN—1, AOBFREHOER L, £
NETEZOLNTW, OBEIRBOLT), HED
ZALTIMA T, MAZROEH b ZINLZ LWL M
WL 720 o3 oFk 2 A L, FRAT G
FORGEICBITL=Y DI L, 19044FEEF AR
Fr b2k, 770Ny 7 190444 F A%
W2l ERWZL, MELTHSLHEEICMATSLET

OEOBDOEEZKEYIETLOERHLZ L, Ti
DHMARIEEFHVAAEL, AOBHERICEELS
ZHZEBRLIZOTH D, TN DNAL BN
?D BT & A (Chambers & Trippel 1997, Houde
2008, 2009)

IMAZEIFED B9IZiE, Lok o SRE3H0 2 20K
BHDHOT, BENIZ, MAROFWIEEFNTNS
7259 ZOEHA, EIREOFRT WU SEE A
WD EWFEEINS, LA LARD S, Hjort DRLH
5LIXS X, ToOHFMIIHEZNMrbRlrolzl)
ThHb, EOWNEES R, R 2 RET
HEMICHUEFZZ Lo/ EBBTHA H . M
RO R/NE PRS2 38T LTE, AT
THEAZRIMAEZHRL, ZoOMHE b LIHT
R Z L, EIREDZ VI 2% 410 T2 T
® 5 7z (Chambers & Trippel 1997, Houde 2008,
2009) o

IMAZENRIEDRER

Hjort (&MAZEIHEE B A H = XL IZDOWTKRD
—oOo®D#Fz %) L7 (Hjort 1914, 1926), — 2 &
Critical period I TH Y, ) —2I 3L KFH TH
bo WiIE, JREZHE L7HEKOIRY) O
(critical stage) 12, BET 5D 5% EWEIE S
NP THEERIIRTEDLEVIEZTHDEHE,
KRR II AT IZ I & 2 SN LIV B EE
VI8 2 TNk S A A, FEINIRO RN O RN
TREY, TOZEPMAREZTETL L NI ERT
H5%o

BN L RERMOIEZFE- T, BYLTMDFR
RO Y A IV IPMAZBZd 7203 EE2 5
Match-mismatch i (Cushing 1975), #EAS#EEECTdH
DEJE L TW5DZ L MFAROBIERRICHEL 5 2,
DWVTIRIMAZBRESH ) 2 ) XL HMESED
(FEBIZIEA NS, BRI D72 AN TORFED
MAEZREST 2 L% 2 5 Twb)Stable Ocean R
i (Lasker 1975) 2VR&MN7ze T bid, s L
IMAZE O MARIZTAEH L 72 45Tl Critical period 3
o x <t (Houde 2008). HikBiEs & MAZE)IZ
EH L2 BTl IRH O & w2 4 Triangle of
Migration conceptual model (Harden-Jones 1968) %°
Member-Vagrant it (Iles & Sinclair 1982) & Z®
RN R SNz NS OAREL % LHET % AR R
%\, 72& Z21E, Match-mismatch IRFLIE KPS 5
(Ellertsen et al. 1989, Shoji & Tanaka 2006). Stable
Ocean I TIE=> ¥ (Roy et al. 1992), o lE9),
WAL D L7z BB SN TnD, K=Y~
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A BRE SN CREIEE, LIZLIEEYDD
FEAERM 1 —% L TR WO T, Match-mismatch
IRFIZE D Lo TuhwnekEZ b TW5, /2, &
WBRSE & R BB DS IR I I AL BB 2 5. 2 Tw
5 B3, Georgeas Banks D KWWY I, NF v 7
(Page et al. 1999, Lough et al. 2006), A 2 ¥ 7 FEMI D
/N K 7 (Campana et al. 1989) 2 ETHIG N T W5,
19804F-ARITIE, FliZe A ERIE & WHEREE (7o & 213
KiR) ASHRHEE % B, REERAE VR < &
HZETHEICIZWEITZ O, DWTIEMAZL
BT SN 5% 2 S RE S 7z (Houde 1987). &
X, A ZOIIAEG R oW % 8 U Ol
BEND, zaxr7ailonTdh, MAHROTFHYO
L, [ UENC S L 7oA Sy F R ofFai
DEEEZ RS &, FAIIIRED R EELIINA MR
EhoTHBY, FEHMFAIMOKED REHIMAZL
BEEEY 52 Tnb 2 e SN Tw5 (Tanaka et
al. 2006) o

TlE, KA XK EVI L, REHREINEHVI &
&, WIZEWEREIZORDDLDIEL ) e AATT
WORT v 7 Ny TR OFE AR DOEN 2 5,
INF Yy 7 OB & AR %R, K v o
Oh, BRIEEREIKAEREZ D259, BkE%L
AT IR — FTIHRAER D AR AN Eh
5, BRI EAERE D 2 o TS B A,
EREPRETLENE LTHaTIERL, MET 50
WICHi &2 5 &, BlE & BAFRO BRI
W2 5 L H s & 1L 72 (Fortier & Quinonez-
Velazquez 1998), F72, 7% 7 F 4 7 L DHFMIZOV
T, MEOMAPHER TH - %A, R EEE
DHFEDPERSNTWED, DV FPHEETH -7
B, ol EREICEDL TR ZITTwiz
ZEARENT WS (Takasuka et al. 2004) . HKE
EEATROBRIIMIZ X o TR Y 72 WHE0DH
D, WERBEICI > TRIRIEZEDLY I vz 5, K
HOVFE, BEEOMY B L2 OKREIH->TELZ L
i, IMAZEE—D2D X A = X ARLERTHRE > T
BOTWHAERZHEUT, £ OEZEIE HIHL
DIEHH VW) T ETHAH (Houde 2008),

Ny FHR

BB 3R — AT AW BREE (Y BRBE,
WYY, WHBRE: OKE, i) ~oEL, ok
B, ERLZEREE R LD T2 00, ZOEHRD
MARE 2L, TNENOER & AR BERZ A
WD TR LT, MAZBZHHTE LW/
259 o BRICHER LT, IMAZBIER Z e 3 %R

H1Z21Z biological-physical €7V (72 & 21, Allain et
al. 2007, Gallego et al. 2007) SN, WEFRY
Wmrcl, #wEEMEERT TV (72 & 21X, FRA-JCOPE
ETIN) THEDORZEM OWREOWIEREE UKL
&) WML, RFEHETIVT, ZOYRABE
BT 2B oS EHEET 5, Z LT, K
T 1R Z M 1 ke BT, R ORER % 1211
AR E (BAICX-oTE, Zun 7 4 VigER
EWAEWEE LR EOEYREDL) 155 (Kasa et al.
2008, Kitagawa et al. 2010),

BORET 2 BRBEER G LU, ToZERIH

THHOREEHEISHEL TBUNE, ML ELF
OROEFKRAHETET S LDMHEL % b SERITH
T5 “MORE FEDL) RHETHIONL N
29 M RIKFZTH, FEBITMEAELZER LT, B
FICEERNAZBNL, OB T2BIRTI 0% 2
bid, RRMET, (A 1ERLEHT 52 133
HENLRDT, HEHEINA XY FThEA SN -EE
EOF Ny F R BHT 5, 78y F2BEL, kN
WCHAEYZREL, FRIAEWRWER, WIHENRE
BMET AT LT, XYHBICEREBEERE “AoInE
DORREIRET L 2 EBWIfE IS, THE Sy i
7% (Patch study) &I T3 (Davis ef al. 19904,
Heath 1992, Dower et al. 2002) . 7%y FHZEDHI & L
C, Fortier & Leggett (1985) &, M IIBIZBWTH
57 b ¥ ¥y ' (Mallotus villosus) D73y F %58
BT A TR L CA6RERTERF L 285, 2HEMB X1
PERELZF YKL, IS X 2THEEORA D
TTH2EHEL, HAFRIEI3.7% 2157261055 % o
¥ 7z, Heath & MacLachlan (1987) 1%, =3 V{7
vF%& 7T HEGER L, A5 ICZRITOIER 5 %
i L, HAFREI% 21572, I+ I~ 7 upEiigic
BT, Davis ef al. (1991) 3BT 1 % HwTH-f
D23y FRBYL, Bk - IEEC- EEET VR W,
1 H 720 A5R=852% % 15720 AERMEE 721 T <,
Dower et al. (2002) &, 71 F ¥ OKEHERFET, F
RO —Hi radiated shanny (Ulvaria subbifurcata) DIF
FoXy FERBHGEIR L, (FAOMEEENEYHIE X
Db FEIKIMIZE > THESNDFHERLT,

EFEEME O

7 7Oy F R D 5RE )1 % WAL
ThH02, ¥, 7o~ ruomiiliEh ot
BT BEEAE ORI & IEE L 72,

~ 7 aFOINIIEEAIC B OAIPE X T E 2w
720l IS OO OVTIFFELW S
G o TR\, — DG Y — XV ITARE2702°



frfaoxy FHBIRNC X 5 7 a~ 7 a gl A B 91

5300 kg @ 7 v~ 7 v HAILK 100077 K EIR T 5 &
b Twb (Collette & Nauen 1983), ITIETIZ,
I I FY 7 DNA OFFFTIC & ) [F—fakss2 205
SHHEB L THEMNT L2 ENFERINRTVES
(Nakadate et al. 2011) . FEYRHIBGIZ KGO 2 < 7
2 Cl.2H (Medina et al. 2002), I+ 3I~27 1 Tl1.62
H (Farley & Davis 1998), A/ 3FTL1.09H (=R
5 1991), F¥/#T1.23~1.53H (McPherson 1991,
Schaefer 2001) &HEE SN TV 5, EINRFZNIIEL
T, Miyashita (2002) 134178 TOREIN = EEAFE I
blzoTHIZEL, H&%ai (17 1004518 : 50) ZFEYH
FTHIERRHE LTS, WolF), Ko<
ZaZOWTRATAEYEN R EE T, o
FEZ AT, BT HICENT 2 &g 328
(Gordoa et al. 2009), Ziud, MM HOBMZE F
EMCHMEL, T EWOWE T L EMETENBET
LRPORFFRLIRNTOHMATH S Z LIZITHET S
WD Do

FEINEEE LT4~6 HIZIZ7 4 V) ¥ ¥ h B
B JE B (585 1966, Bayliff 1994) Tl XThH
D, WNEEFEBOFBIERTOFalED S (B
1970), 8 HICIFHAMETHRETWVDE T EAHSNT
W5 (il 1974, VT 1986) o T BEEN T M T E
B HAREEZZONTWS, I OWMHEOEINR
DFENVIZOVWTIEHL N TIE WA, 0RAOEAH
BRIRNT 2 SHERE L7232 ORLE A S, 2 X BaEn
3H2H0OD, 0FAMERDOVIF76% 5, 6 A4
Fh (MEGEEIHR), D24% »7, 8HAETH
(HARMHR) g ShTwd (JHE 2009). Itoh
(2006) &, HARFL T INS 7 o~ 7 udDiREM
W s, MEAEMILEIT 27 0~ 7ol HA
HHTIED - & b KB (BXE210 cm Dk) TH
b2 L EIRL7, BlRHELIETIE, KIMKIRA25%
H28CHDWIRT X {AFMAREINTE D, FHY
ZKi LA B b TREINERAAL L9 5 & & 34
Ehsd (WS 1985, Fig 1-3),

< JOEFEDOKFER

< Z7uEs5f (ru~zu, Ny, ANF Y
FA, ATFH) O OMENIL, Ao
SHT 2 REFEROSAIRMIC L > T REE S hTw
% (Matsumoto 1958, Yabe & Ueyanagi 1962, _E #
1969, Matsumoto et al. 1972, P4JIl 1985, PJIl - -
1991), FEFEIARD D HMAOER L IEATL T, #E <
D= 7 FTR O WP 2 AR Tz (72L&
Z1¥ Matsumoto 1958, Strasburg 1960, Z&#55 1966,
1 M0 1969, Richards & Simmons 1971, Murphy &

Shomura 1972, Leis ef al. 1991), Z#55 (1966) &
195242 5 19654 F TWike o7 1 V) ¥ U8k, BT
FRITHER X OVHURE180° LAV O JL P AT T o0
YTNVEY ruvrufaeiiic. 2o MBI
KFEFEDO B X ZAefE20° Db, PaIid /3 — A h & Hid
WREIS0 A EE TITRATWSE Z &R LTz, BT
LGNS (1985) DfFgI, H ARG K EE SRESR,
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Fig. 1-3. Larval density (shaded area) of Pacific
bluefin tuna around Nansei Islands (upper panel:
May; lower panel: June). Larval density is calculated
monthly (May and June) and 1 by 1 degree of
latitude and longitude using larval database of
National Research Institute of Far Seas Fisheries,
which included the larval sampling results conducted
by training vessels, research vessels of each local
prefectures and Japanese government research
vessels from 1962 to 1988. Larval density is
expressed as natural log-transformation (Ln (larval
number / towing times +1)). Dashed line (sea surface
temperature (C), solid circle; station with positive
collection, multiple mark; station with negative
collection)
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KEFFFRFEBRMOIRL VIO &, ZKRE R
SRR AV FEE KPR To, 19564FEA0 H19814E &
TORMMBII 72 H2% faf5), ZE5 o HBHRN
WKELOTHAREREZRMHEL T2, ZOWS
(1985) 12 h FrwohiTF—% 2 &t~ 7 aEHMT
FRIE T — & X— 2P EBKERIRIZERT (IH. &
KEEWFZET) [ SN Twb, ZhIZX UL, wid
DL H Iy ax s oI A, Rt~ 7
OO T, WK, BRohTwid, Zhidzux
FaoEIY, EINEANEAD~ Z e EICRT, R
B THDLZEZHWEL TW5b, 72, 19624E 7 51988
FEFTO5HE 6 HICHbEEEMREE120° 20 5135°,
JEHE19° 22 530°) T 2 m O R v b 2 HWTET
DNFz20200 DT T > 7 N v Ay RO R ER
ThHE, 09 H1488H (73.7%) TZ u~ 7 uff-f
FRE SN D o 720 1 [0 R TLI00E AL LA S
N5 0138 (1.9%) 12X % -7 (Fig 1-4). it
5T, Z7a<Z i fFAIEmEIcERGAA L, FRES
NOGETOHFABEIIMN &2 5, REH, RE
W, REKEA Y 0~ 7 a5 Th - T
b, MEINLEVWIEDHDBLNVE VR D,
IFIvruffab ruvro b ERE HBE
BEMT, 4 FAY 7R EMNIEERO A » Mt
DIRFFFTOAIHPSLR I AICHET L E s 5,
D 2HIZHART, ZDIFHh D~ 7 a5t

1600
number of sampling = 2020

1200

800
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o o o o <o o <o <2
oS o o o o o o <9
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Fig. 1-4. Distribution of number of larvae per one
plankton net tow of Pacific bluefin tuna from the
large spatio-temporal scale surveys conducted by
training vessels, research vessels of each local
prefectures and Japanese government research
vessels from 1962 to 1988

JNRT@ b, ¥ FIiMfrfiddtfeke w2z oarn
T, JEFERTIEEL LTIEIOEAD 5250, B, v
VY BN ST A GEEE E TS < BT %,
T2, IR0 D 5 B RELOEEIC BT %
A, W IZONTHILESEE L R b. T2, F
iRy (472056 ) (CHASEHEICHIT 50 ANFAF
b FNT EHPOGA RS YA IR DA
K7W HBLL, HARFEOIEISELA S W > Tl
AL O T THBLS 2%, DT THOMERED
i <L TS PEREL408E & 0 74 o rp g RS-0 B 3 S g
iy % (Hi# 2002).

v JORFAOHRED 0

Strasburg (1960) &, HFRARTFEAEEETIZ B W
T, WA HAKE200 m £ TH 5 BIZHT TREARIC
AVE, FINTHMRER TR o T2 ZOR, F
FULHEI A 5 KEE60 m F TOIRERIZILRT, K70
m LR S OREIDTHTH o7 TD L K
JE I3 KR40 ~ 200 m (25040 L7ze F72, KICE L,
BIABRRESNDZERLTT V7 bRy M
5 kS 2 WREMEA R S T2, D (1966)
(&, MPEEE R CRIE QM2 S 2m) LR OK
%20 ~ 30 m) TOKVRMEEKITV, Zuxru
DOAIFFDHBIC RIS W L 2R L, FERMEICX
5T, REDFMOKIBTTOHRMEE B L FHET
5T ENWRD T ERIBN L2 KTHE, $MEHIR
DIKIRMEE DK Z s, KRS KRS0 m 12 7%
LIS LS bR 2 L bR L7z, 72, £ TIE,
BELOEMICEDZ OIMIL, MEETIIZOMT
HDHZENS, HESEBRHEOFEZIRHL T2
Yoo, ABIZTT Y7 bty M b OkBEDIEAE
T % 72D IR S U W ITREEE B R L T
%o M (1969) 13 ¥ ¥ Ao 2 My (Abil15° H
525°, HHF140° A 5150°) 2B 5 3 & (M2 5
2m g, 20~30m &, 40~50 m &) OBEKDOKFR
WOMFMRE/REr S, 7 uBirfid s v Ak
DHEBIGATHHARDHSH L, Bl L DEHD
HBIESEWI L, FNAFRE YV FHITERTLEY
B L TwBH I e 2R Lize I FI Tl
X, BRICEEICEET A HESMEREES DS Z L
MR ENTW A (Davis et al. 1990b). Boehlert &
Mundy (1994) &, 27 A J& 38 i 38 T MOCNESS
(Multiple Opening/Closing Net and Environmental
Sensing System, Wiebe et al. 1976) 7% F\THgifiH»
HKEE 200 m £ T8 225 9 FORHIFRELT, 7
TRAFIIAKE60 m & DRV EICOABBITL I L,
bo & HFMBEEDNSFECOIZKE2 m L) bikvE
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THabI L, HESSERETEIBIR SN oz &,
B OIS TR ITRESIN LW EERL
720 2D & EOKIBHEIE XKL 580 m TH - 72
NSRS, HFAMICB S~ 7 alEOE S OFF
ML LT, KiHEE LD QFRCGIHA L, FEBAF
FEO X9 1K RE 25 W A3 KER40 m & 0w
Jeg, PR TR B iR o0 &9 12 (K140
m LR BETHKRIEO m L DRVBIZHAL, &
0 S5 AG B BE DS OVXHETE A 5 K20 m R DK E
ThY, REED LR GAT 280 5 &
EZBDIENTE D, WL T, B LY EMIC
XL BT 2EARD Y, kv bkEEIEE T
BLUREEN D B < 7 UEFA O HESERBEOA
HIZOWTIIRE— L2 I 2 v,

FEINY FOKENBKRE S

Ty FOKRFN KR E S, FUBEBETED
BN ZRLE S 2 HETRET 52 FikNDH 5. Miller
(1973) &, A7 7 EONET, HHR7.2 km OB
230D B 2 b ) T, BBEFAROEE m HALD5)
Ai % B 5 72 L7z Matsushita et al. (1982) (ZHI#EE
T60 m B X200 S Z2HEL, HF¥ 7 FATY
(Engraulis japonicus) M7 F OGN 7 & 2 088 L
720 Davis et al. (1990a) &, 30 km D EAIFRIZ50DE]
WHEZBTT, IFI~vrufff (7TH510HE) o
GAAKIED 710 Y MIEEE RITINTWEI L%
R LTWa, 72, FHWZSADAELTBY,
20 km X 40 km OBJHEIPAIZ, FNZN5km X 15
km (ZIRD3% 2 DDFH8y F 2R L T b,

Vlorza<r7afffionsfillBE3 20020, 7
U~ 7oy FEFERT LI, MG RN T,
5 %5 6 A2, FKibKiRA2525 528C DK T, #*
JEOKFRAMEEBRYELIT) SLPEBEEZ LN
7o T2, Ny FEBWTACIRREAENOLY Eo)E
DHENEZTTRBTLTAZ2MEILE LT B
B OFREHFPH L 7 4 OJFL %910 km 75> 520 km U
TITHREEZITHIZ L E L7

< JOEOHMADI G

< Z0EHOMMA DS OVTIZ, HE (2002) 12
LV, ik oEFE s ftar @077 by
v PTRESNRBZEIZENT, FLLT IVE
BICHMEHBEL PE— LV EHTREINS
(Matsumoto 1961, King & Iversen 1962, Higgins
1970, Tanabe & Niu 1998). #X#§ (Shimada 1951)
RGEFH L CHEAEZIREL 2B S H 2 (Thorrold

1993)o 2D X IC~ VU HOMM A IRET 5 Z L3
MAYIC W BECTH % A%, Tanabe & Niu (1998) < [
(2002) TSNz X DI, AREE M8 2 i+ 5
13T MAREZRET 2 DI —RRICHE Lo AT
ZEIZBWVTH, #WH30 m UL OEE M — L& Hw
T, MEMREZBRBERALD, HEZITEAEEN
Lol

MR & 4%

v JOETFADRKRE

ZKh S (1966) &, EH I THARRITR
BETdr7u~xr7alAROREN LHhkEEZ T v b
L, 8259 HIZEXE20%H 530 cm OIIAf&IZ5 H
LS 6 A FAIZER SN AR EKELT, BL
RS em U Tosux7uokilifziEe L Tw
o COMMNSHEAL D E, BXEIOcm, 20 cm B
L300 cm ITET 1L, FhEh, BX240H, 50H
B L U90H 227 % - Brothers et al. (1983) 13 A& 4 mm
2725 9mm F TORBKBERCIRE S NRWEHE o=
7 369 B & U X Z306 mm 2> 5413 mm O
K AR E A AlgoMNEE T2, BLEL
cm, 20 cm B L U300 cm ISEFT H2DICENETNB L Z
40H, 60H B X T100H 2275 & % L 726 Scott et
al. (1993) &, Ky v~ 7 affF o4 0% #
HrL, K 6mm THAHRKA10EHEE L7z Kaji
et al. (1996) (&7 v~ 7oz piffrAa (HMb%2 H)
oA (5HMEE30H) £ THE L, mFAIEs
b# 2 HHZZUWSAEE L, BIMFREsbz 3 B2 o
25HFCHIIL, MEAUIBHHBICHB L, 2H
Ho®i i c4E3.7 mm, 4 HHo®mhic4
£6.5 mm, 14HHOEIHPTL&EKE65 mm, 18HH®
B c4K8.8 mm, 300 H oA Tc4ELS.6
mm IZEET A L ZWPALMIT L, 72, HILRIE
SHHIZERESNIZLS, 11HH (BXZ4E6mm)
WZIEEHR (gastric gland) AYEEL S, [AIRE L NREE B
(pharyngeal teeth) X%HM (jaw teeth) 2HEFEMOIZ
D, AAEVCHZ BT s Z E 2RI LTV A,
WEF R OHEALRD I E M % £ & © 72 Tanaka et
al. (1996) (2 XhuE, EMRGAEEED? S HEMEEZRT
BT TG RNT Y F BB ANRIOF A1, Ao
BN LAEEZ R TIC TR ETHILRFEL,
I DA REIIRECRRLILEZRLTY
%o Miyashita (2002) & 7 ux 7 ufiffsHwC,
SMEFE126H (A5K371 mm) FTORELZHLICL
TWwb, Tk, ZINE1.0 mm, MHEkOKE
E130.26 mmo HMUFAOAKREKEIF2.8 mm. HLF%E 3 H
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HCRRE3.8 mm THIOL, ailfrfixs5HE <@l
2a3 N/, 1080 HIZ135.6 mm, 20H H12139.3 mm,
30H H121330.4mm 12 L7z. 20H H £ T ER#E
J#120.33 mm day ' & HEE S, 20H HA530H H T
2.1 mm day ' & 28U L7z, TR AE 6 205
8mm IZA LNz, BeRIKMDEESE (Collette &
Nauen 1983) Z¥Ooi/hofifk s, REehE5KD
WROEERDEKEIZZNZ19.7 mm, 10.0 mm TH
0, AEI0 mm B X E20HETHEAMICAZ EE 2 5
No, FHWEEETHDL ERELEI cm, 20 cm B
L U8B0 ecm IET A DIZFNENRE L2405 550H,
600 B LTI00H 225 L SN D, T 72, FHMIZA
E7mm»5HHRL, 9mm THRAIFEEL TV
ERRLIZ. E5H1T, ZR LT MMUICET 2 HEH
FARKIRRFETH Y, KiliA318.9T LT Tl Hbe,
19.9C 2L F28.8C & TIIKIEASE WIZ EFL 2D, K
122°C T39WF #3047, 26.5C T24k5[E 2545, 28C Tid,
24K5 105> CT 5L 5 %, Tanaka et al. (2007) X7 1
~ 7 ufE o A HERT 217, B R180 mm &
250 mm ORKXMEL O HEIZB L Z 60H, OHTH %
Z & %&IRL7z, Ttoh et al. (2000) (&7 v~ 7 afidHif
fOFAHmZEZEL, ROOTAHRERSSMbE
4AH, BOFT2EEICRELZEZRLI o T,
M H%E (DAH: day after hatch) 1ZH##124 %
RLbDL%d, ftoT, TNFTOKRWEFENZ O
rudbEoT, ruxsuoliEEr I sk,
ZHRED B SIS A B RERNIKIBARLE G 7225, FEVEGH
BITO 555 6 HOFAO—RN % 5A KR TH 5
260527CH (Fig1-3) Tlid, BL Z24MR 2L,
SMEEEOAREIZB X #3.0 mm TH %, HiliHFATH
LRI, MU 2H2S5HAETH S, Kl
ST Ttoh et al. (2000) (2fEvy, 4 HHICHOL, #
MR 5 & Lz, Bl aioricZdic
THALR EFHRTEE L, WHEMICAREDTREICR S,
20H BIZARL0 mm CHAINCRBITL -0 B 1%, BE
HERSMIC LA T %, BXEIO cm, 20 cm BX D
0 cm IZEFTHDIZIE, FhENB L 740 ~50H, 60
AB LU0 ~100H 2% L, BXLZ100H THEEITMA
FTHLREZLERDE VR D,
ra<wrzabiEro~w 7 AEOMPNREZ kT %
&, Ll e LT, ZR%ASMUICE T 2 BRI IR DS
FHWEDE L, K232 529C Tld B X #2120 530K
MR ThH b &, HMLEEOEESSZ.0 mm§ETH
LI EBHITOND, T FAMOKE®REIZ0.4
mm day BitkTH Y, MEAMICAL L2HIZ 125 3
mm day '~ & BhN9 B S B L 72 BT E TR
U AR (SLR3BIEMTTE © F0 5, 7o F)

LRV (MUt 4 Bt za~xra) b5,
fHEIE A Y A i bW C1I0HE, 7o~ 27 2id20H
Hh, FAOAFII20HEAEIREEZ SN, MAallizs o
R7BEAYFIIOVTOARERPHSLN TS
2%, SMLR30H #5Ch Y F13EE60 mm 1Z3ET S DI
L, 702701330 mm THo7zo 2B, L
TOMXLEBEZEIZEINTV I F I T LTI,
F M O F1E Jenkins & Davis (1990) & Jenkins et
al. (1991), MMM O EIL Itoh & Tsuji (1996) 123
ERD Do FNFTOHFAM O Mori et al. (1971),
JEH S (1980), Lang et al. (1994), Kaji et al. (1999),
Wexler et al. (2001) 3B & O Wexler et al. (2007) O
KD 2 b0, HHEMOWMEI R\ ANNF O]
WRICHT 2T A%, ZRS (1973) A3
7 A BB S8 S Nz iEw A Wi ETAT
Bt & i RO H DT E 2T o i RDOATD
bo NV FIZOVTIEFAN O e & LT R
5 . (1974), Radtke (1983) &2 0, fEfiiTid
Tanabe et al. (2003) O EHFEL Vo

< J OEORBFEE

PINAIG SR O~ 7 O OWMFER T B3 5 A IF
KA Rv, AFyaEoras ZafffilzonT,
Scott et al. (1993) IBEIFEOHREW DO HE T L D4
A % S BB H TIEH T0.2 day ' 23T %,
AFX TV ABEBOFNTHAIIONT, AEOEF LT
0.162*50.41day ' A5 5T 5 (Lang et al. 1994) .
72, IFITUEIRNEICB VT, Davis ef al.
(1991) 1XBB 7' 1 & F VTR D28y F % 388 L 74
RreHWT, W% -IEH - EE TV (Advection-
dispersion-mortality model) % FH\ 728 %, 0.43 ~
0.97day ' &\ ) HIEWE WEZ BTV, F72, iR
&R DOBIRIZOWT, Brothers et al. (1983) &, K
PO 7 u< 7 affh EHAORNO SH I TOH
FREZIIKLTC, MO RENTLEZRL, A
OB WHEARDSSAEET R ER L T,
Tanaka el al. (2006) ¥ FERIC, KFEFEDOI <0
OMAME, FURHIC S L 228y F 2RO
Ea I, FAaCEED RWERISIMAf L 72> T
B, FEHMITAMOBRED RGN AZ R 2 EE
EHZTWAIE %R LIz LALRDS, Z2u~xs
AN BN T, FITHEY A ARENT L, Bk
HEEATE N Z DY, WITEWARRRIC O L0352 IEH
LTl ARV, 72, RAWEHORFEDOs7a~x 0
HIOREICHET 21BRIEWF N TH Y, TWEREE
KR ERBER L OBEIZOW T LTI R
W,
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WEERZHET BB R L T7—51E, 7T~
7 b d oy MR S X o TH S N B FUERER R
THHN, TTITE—RIC2ODREESH B, H—
AR EZE L TRy MINEbI S Ay MRl
(net extrusion) & 85 ZIZAFMAA A v b O D & kbt
3 %% v bk (net avoidance) TH 5. K& Rfff
T LD Ay PEEERITORT L, NS RIFATIEA Y
FEEAEXRT L, HBONFAEEIRYOH D
LD >TVBEDT, TNEMHMIETLLENDL L
ZExOND 7z 7ML T, &5 (1966)
HEE (EHE2 S 2m) TOKFEREORERANVE
DIEFIPEE VL Ens, BAEDOSIE AR D
EWISERT AHEED H 525, h v bR E T
WARIREMZ ML TV, 3 F 337 ailonTid,
S CIREBEN R 2 B 728, Davis et al. (1991) i3,
B DGR R R BEDEN 2027 HEE L, AR
DREFBEXRHIEL TVD, TD7, WHFEHEHRO
B, kv Mkl oL FREAHEE L, $RE
SNz u= 7 Ul OREFEEOHIEZ B3 24
P 5bo

FEH

ARETIE, v 7uHoMPERZBLELT, Zh
FTOMERE LD, AFEOTRLEER LTS,
WZL7ze Zua~x7unifiERof 7H % BRI GO,
R DFEEFPRE V. HEOL IIREATH S
7o, EEROWER PR OMAZE DR L 21T
T, 70 uOMARIEICLI>TBIZ605
10 R LB EDPHSENT WS, DD, AN
AZEEIERE 2 284 5 2 L 1d, GRS L B
ERGREME TS ETHOEETH L, £ Ol
BBV TIMADOELED) % g D) 2 RTINS
THLMATTORHEEZZ SNb, IMADELEFE
REMRIICRI S A B IR VEL Z2Hb, £ ORFHR
RSN, BEEASRD RINTE 7, TOBRETKE
WX CE/2Z &, MAZEE DDA A=A LR
BHRTHREF> TEBLIT WAL ZE LT, £ D
BEENREDIMHL L WHIZETH D, TOENIL,
Lo TERLZY, MUMTHEICI-TELZY, ML
ETHEIPARY PTEICR RO Lk, 7
O~ 7 U ORI S IA E TOMMAEFRICBY
BURFE, B X OO W T ORI TS
D, BREEEN L B S MAROER X = X L1,
FEAEDLRS TR,

ko= BREE (RWBREE, WABRE), WL
UKL, W) ~NSE L, ZofE, Ak L2 mekz
RLDBITF72H DN, ZOEBRDOMARE L %D, KRiFTE

TlE, a3y F2BHT 5, 2Ny FHR LTINS
FHEERRHA L7z, S0 H R REL, RIS
VSR, WD WET A2 LT, X ) K
LBREEN A OE - Bk E ORBROIEE T
TEAH0HLTH A,

AR, B X ORI O 54 BT 5 MR
5, rux s uffaony FERET HI2E, Bl
BiCiEs H» 5 6 HIZ, FKifiKi2s2:528C ML
WHET, 2R oRE (BH25 2m) TORFHRM
AT o 28y FRBIT A M2 S5 KE20 m £ T
DFENZZTTRET L 74 2L ENHL L
WRE SNz, 7 ux Zuffaosy F OF R Al
EIXHSNTIE R WD, Ny FEFERLEKER, I+
IO ESEICLT, TAORLEBBX
Z15km 2530 km WU CIREF T L ANEY L 8
b7z,

yux iR EE L CHENTETH S 72
W, FFEEICI ) 7o raffAcB T 5 ER
WA <, SZRh B SBIC F TIR24F5R, 5
LI DAREIZB L Z3.0 mm TH D, HMEE4 HHIC
FITL, SREMrAICRITY 5. BTN a
HUTHALR & R ARE L, SAEMICARD TR A
%o 20H HIZHRELO mm THEAMNCRBAT L 201,
R DS B B AL, SER100 H #1213 R 30
mIEL, HBECMAT S, LEALERDES, ZORK
R L AR KL SBRBEEN & OB IZO W T
HOATIR AL, ZuxrZuffaillicsune, #igk
YA ZBKRECT L, WRAENEH N LD, HITH
WAERRIZOLR AN OES LTIV, F/2,
RS IR I TH %o WFERFE I OBIL, +
v Mk, S oOfFEEEELHEL, EShZY
O < 7 UL ORER B ORIE 2 G T 5 LR D 5,

RESLTIE, 70~ 7 aoiAZ RO BF % 3
57202, MEHEBERICBWT, suex s ufif
Ny F BT L TEEHWTC, Ny FROzav s
UOREE AR EREEENOMELZHSPIZTLH50
Thbo HE2ETII Ny FHEOTFHEOZ Y, T4
bb, Zzuxrufffy FORRE LB HEDNC
DWW Lbo 83T, HFMaIIoli%k L 5404 g
2R L, S BIEIP S X ORI & R o
ABFEZ BT B &E 2w %o H4TTIE, ML
WHHICBWT, BEOREMAZEE b - T
WL EEZLNLDT, MEEEKRIIOWTHL A

5o



96 Keisuke SATOH

F2E NyFRREBHT A O/Ny FEHHEED

KRIFEDFETICH 2o TE, Sy FHEE, 2O
v FRBIL, Zuv s ufFRER) R LIRET S
ENRIHENMN T D Do ARFETIE, MR, PRI,
RENTE, 1“’54‘0)5&0?&‘/*&& AL DK FEIEO

MEE HBEIZOWTRBRTH L DI, Ny FHAL
BT A D%y FBEFREIIICDOWTHER S,
HEEFE

RE R

1 EmETHRRIIHIT, RNy FRRICHI-TIE
MIEFHEMN TS A2 5 6 A2, FKH/KiR25~28C &4
DWERT, ZLHMOFKE GEH2S 2m) TORTFH
HZAT N, 28y F & BT AL 5 K520 m £
TORNEZ T TBEHTL2 74 2HV20E D5,
DD, TNENOEOTERMBEFI, T2 A
g TSR 2 B UG a8 5 R o0 R T KR O A L
7 & W % (http//www7320.nrlssc.navy.mil/global
ncom/ecs.html) # AFL, HAROPALMREF KRN
T, KA KIR267C B O HEE % FAHEE I Pe g L 7202004
E2H20084ED 5 B, 6 BICBWT, RS
WTTI 7 Mo Fdy MREIZE BNy F2RRT S

~¢ 1m-

72O DREEITY, 78y FRRBBILEY 7 1 T L,
CNEBH LGNS TT 7 bty NRE L B
WE#YELIT->7 (Fig1-1).

RABHTORERE, BREFESSICERORY)
W

2y FRERE TIE, K (ERR20 : 00BAAs, ##l5:
00 THIIZIIE2m DY ¥ 7% v b (HEW0.335 mm)
ZHWCERELHE (1.5 knot, 54 M2»105M) %47
o7z BIEMEIEX, I F I~ uffaoy FOK
SEHBE (5 km x 15 km #J ; Davis et al. 1990a) %%
2, 5lRE (BXZE8259km) & L7z, 1 HIZK
HiE LCl2maBill L7ze o Tudfionszs, R
JEIZFREAROMIFEENTI Yy F ¥ FHLEREKORE M
DT FTAFy 7Ny MIREEWERL, RAIRT~ 7
TR OB A ORE R, KRERIINGFE) % HEk
L7z FERBEMEEZ TR 2 B
FNOGATRILOIHEIZ L > Tr a7 afffaTh b
Z &R L7z (Matsumoto 1958, Yabe & Ueyanagi
1962, #1969, Matsumoto et al. 1972, V4JI1 1985, V4§
JI - M 1991) 0 7%y FidiBEE7 A (Fig 2-1) THEERE
L7z TOT A1, GPS 7 V4 74 (KB EEMRE) &
KEEI2 m QWS P —7 (R EZT 5 8buk) o
HFODPKAEHICERELZES8m, HEE1ImORD

\
GPS radio buoy

Fig. 2-1. Diagram of tracking drifter applied in this study, which is
composed of a GPS radio buoy and an 8-m ‘holey sock’ drogue
centered at a depth of 12 m, which was intended to track the current
from surface to approximately 20 m depth, where PBT larvae mainly

distribute
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& Fa—72 (holey sock drogue) B L OVET-THERE X
NnTwb,

2Ny FEHHIE, TR 2m D) Y7 Ry PTEER
Mg & Fho B & ORISR0 m 72 B R, B & LIFREOY
A X —#EEI130.6 ms) #ATo 70 72721, 20044 &
20054E ORI DR ZIZIET) cm DR TH vy b (HE
10.335mm & 0.100 mm) % F 72, 20054E % B¢,
T (BEW200RE B G, B8 5 R T) ICHRE X2 1T 72,
BRI OB (200F) (X8R T 4 O TR W,
B d B S, BB T A DEY, BB X FFES5kn

20074EDAREIE 1 H 5 0Bl 247 - 726
FREOREITNZ T, % HWOREEZ T - 728
GHDHHo 20044E (Patch 1& Patch 2) 121, #H m
HALO/NRBEZ 20 — )b (fine scale) D545 % 0
BILEMT, 0B2S4E T, HoH—E)HIC,
157y NCHELZDS, 1B 55 MoRER
g 2 201585 T1T - 720 Bl O R 313, #heni2]
km &£12.7 km & % 5725 20054E 0 fiiE (Patch 3) T
IR DSRE A, HESEREMEZ BT 2 HNT
MOCNESS # HwCRBIERE K10, 20, 508 XY
100 mo AKFEHRMS M) 2I7o720 TD L XiLBHR
7 A OF, 20 km W NICBIE (1152 5158)
EREL, BROWREEITT-72, 72720, HPHTOR
FII T DR 572, 20064E 6 H (Patch 5 £6) 121,
XY KELHEPH (large scale) TONy F D454 % 4

% HIWTI50 km U IZHB & %40 km B Z 12300 B
Hzaigidl, B, Ity FOMIIIZIZHAL)E
KEDH 72 ) O EHEEATHIH L T v 5 98K ET (B A1 5)
D AT oo AT SRR RS T BRAE MRS DK = CTRR L
TRz WAFTOBIEIE, K% - bl (1976) O
BT, ENENOEORYOBIANED, HORRL %
i (ORI =l ST OB TIT - 72,

a7 uftOEWEROEE (ind. L) 2
T A0, FEMEIZBWTEBIZ N YT, 2004
AR L 20054 1F = A F VR PV EHWTIO m, 20 m, 50
m B LTI00 mETIL b L <IZ10L Z R4 L 72. 2006
AEDREX, O 2m Y Y74y bofaic30cm U v
74 v b (H&EW0.05 mm) %k TIREZT- 720
%8, 20064F1 7 BEN TN Y ERKIC X B EW A
DFFEDITV, KL A v MRETHE S N7 BRER
BICAHERECHEN & 2R L7 (Fig 2-2,
paired-sample t test, P = 0.147) . 7 u~ 7 aff-f o+
BhREWAWE, AT VED ) —T7) 7 AL ER,
INIDHA T VEHTHHZ ENFMSENTWE (5D
1990), 7 v~ 7 ufffa ¥ ¥ 7 id99.5% ¥ ) — v T
B L, 24RBIDINICT Y ) — V& AN 272, 71
<~ 7 ROEWAER O L TN 5 % RV <)
YCREE L7z &M AT, HARKES m £ TO
CTD il (SBE911, Sea-Bird Electronics) %175 72
F 7z, PO AR I E L 72 ADCP (Acoustic
Doppler Current Profiler, 38.4 kHz, RD Instruments)

-O-Plankton net -Ebacket

food density (number L)
S

79 80 86

88 91 100 106

station

Fig. 2-2. Comparison of microzooplankton density assessed by different
methods (open circle: plankton net (mesh aperture 0.05mm), solid square:
water sample by bucket) collected in 2006 cruise
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ZHWT, KEL3D 521 m B ORI & iz B8 L
720 B, BHFT A O RO —713KES ~16 m (AL
L., ADCPEINg L EZ >TWb, /2, MOY v 4
O & EBEOMOME IO FTICKRKS % ADCP 7
—ZOY ZWEFHS (2004) OFETHBIELZ. /¢
v FBEHIE 1 2 5 SRH S EIZEHRT A O GPS @
fLEHRE s L, BED &) iCsk i OME TS i & R
M OIBET A OBE I E BEEZFE L7, £ TOM
e, HALATEOE NKEREIIIE L v 7 — EBK
FEGIEIIZERT (0. FEIEERFEWIZERT) AR R IE AL
(888 1 v) IC&X N7z,

REREICH T BERDER

yua< s affaokiElR, EEREMSEEZ VT, <
A 78 A—=%—70.1 mm HATHME L7z AWIET
onhfzrzavwrafffid, =%/ —VEEICE-T
A3 2 R %2 kDX (Satoh et al. 2008) THiIE
L, oA E (SL) & LTEL A, SLAR
(mm) = 0.96*SL [#Ek (mm) + 0.67 (R*=0.91, n =
130, P < 10™, SL Bk = 3.3 ~ 7.1 mm). I
Wcix, BFEARMGOEMARE (phase; BIJE M, ik
B XOBEY) 2EAT LKL, MuEo
H#%# (DAH) & HA H¥wFH > 25 4 (RATOC
System Engineering) % I\ T10006% O A Wy s %
I T1042ff 1A (Table 2-1) Ol 4 OHEZE H ™
¥ ML, Itoh et al. (2000) \ZHE-> THREC 4 % ¥
Z & Ti8720 ¥ 72, Primordium (core) 25 DEAEE
(um) ZMZEL 72

EREER

20044E 5 520084ED 5 H, 6 HIZBWT, HHU#HE
MTT7TO0Oy FZ2BYT A THEEEL, HIH28 R A
SIRE1TIRE, S BER L 720 SRS D8y FITIZZERIE
Wt X &5 CIERR L7z (Table 2-2, Fig 1-1), %3,
20064F 6 H 121Z150 km U5 IZELiE L 72300 @il 5o
I H T THADTRE SN, REBEN R 72
2 BIZDWT DA Patch 5B L 06 &R L7z, F 7o,
BEFOHH &I Sy F 2L, BT A AL
HEZ$RL, BH20: 00BHEW5: 004 T (BRREL
17> 7z Patch 313% H20: 00F T) O —HOFHA% 8
MR1IBHBEEL, PR WAL B3O8 LTIRRL
2o TNENDONNy FOREH T L OB N %
Appendix 2-112R L7zo 72720, ZoOBHI S E)=
RHHOBMEETH Y, Fhom 1335 M & W
1 AR WBEETH -7z BIFLIZT DDy F
WEFE L F CIFE5200 (5 22 & 79 O ¥R T 72,
FROBERMORELTH, o~/ offANRESR

b2 L3 hv, I L MEOREMTE B 2L,
TEI 5 1985) &HbETEZLE, Zu~v s afffx
v F1E, HMTIE»ONy FHRSINL L THOMmLTW
BHUHELEDSE N Z EAVRIBE NS,

FTRTOBEHIV— b OIKEIZI000 m ZHZ TV 5
729 (Fig 1-1), KOO IRIE DB T O
WEIIRENTH S S BT A ZWREEL D LI
GPS 7 V4 74 LIFTHAHTWADT, BT A &k
TR OWRNIZT TR L, W LOROMEEL 2T 5
LEZbND, 2D, B LIAKME Fo—ro
TP D 9 AT L IREBEETE LW (Fortier &
Leggett 1985, Chereskin et al. 1989), L 2L, B¥kH
DXy F LD T4 O, dds, ADCP TEIEI L
72iiin), i (Fig 2-3) &, Patch 4T7' A itk s
RPN EF T WD Z &R BRTIE, WM, it
WEHITBEFRUAAER LTz, SO Ehn, i
L7 A 3ORBOHENEEHZTWELEEZ D
ENMKD . D LA ZEIRIHE > TW»
WE, 7ARBTRET LI LT, MUy Fhbif
APIRETE D, ZEWITHNTVWDLZ L ZFEFEL
BHIV b oD, Ny FIFEOHFTHE SN, Heath
and MacLachlan 1987 (i), Davis et al. 1991 (3 F
Ivu, FEGREE) REVPHTONL, AW
T, EBRIC, BETIC 2 0~ 7 ook ERK I,
HREE— FAEHMIZHML 72 (0.2~0.9 mm day ',
Fig 2-4). Bli&, 4l frL7-&ToHaYy v 7
OB ARSI X 5 7 o< afffalflok i
WE130.257%°50.85 mm day '& & { —3 L 7> (Table
2-3)o VEAS, BT oEH OREREOZIL,
FROBHDORETH L LEZ LI LHFIELDT,
fHAIEIE DTN Z ZEIITZIT TV T, (A ORED
I Al dr o 7z Patch 832 HHIZDOW TR L
&, BTy FhrOHFREIRETE, BIREIIRY
Lizt%z b7,

BIE EX, PHAER

% < OWFFEDMTFI O EFRBFL T BT 5 Hik O g
Zim U T&7 (72& 21E, Davis et al. 1991, Dower et
al. 2002, Pepin et al. 2002) o FEIIIH 2> & FEATHEHIE A~ D
kO RG2S, MAELE ZNESTLERO—D>LE
ABNTVE72DTH D, AETIE, HkRsAm &
AEZHOBRETEERLES 0TI R, BHd o
AR DERE, Yy 7)) v IR S
W9 AHZEEHME L

T VUG S AL, mE VRN R o L O3,
JCHMNC BAHFAET 5o BN FEINEA 5, 1000 km
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100 Keisuke SATOH

Table 2-2. Temperature and salinity averaged from 0 to 10 m depth, and tracking duration, date,
start and end time and position. Patches 5 and 6 were not tracked

Tracking
Patch name duration Tracking start (detection) Tracking end
(hour)
Patch 1 54 2004/05/15 23:37 22°N25.568" 124°E34.694° 2004/05/18 05:48 21°N57.908" 124°E46.185°
Patch 2 28 2004/06/01 23:52 26°N07.599" 129°E07.920° 2004/06/03 03:55 26°N07.139" 129°E20.813"
Patch 3 77  2005/06/02 04:47 24°N35.095° 126°E00.030° 2005/06/05 09:40 25°N09.925° 126°E40.373"
Patch 4 171 2006/05/22 02:01 23°N55.495" 124°E46.611° 2006/05/29 05:08 22°N33.514" 125°E20.008"
Patch 5 - 2006/06/13 19:56 24°N30.298" 127°E39.843"
Patch 6 - 2006/06/14 03:04 24°N29.627° 128°E19.420°
Patch 7 48 2007/05/17 03:45 22°N57.260° 124°E52.101° 2007/05/19 03:49 23°N17.639" 125°E32.774°
Patch 8 50 2007/05/28 00:54 25°N15.011" 124°E00.002° 2007/05/30 03:16 25°N11.378" 125°E58.647"
Patch 9 69 2008/05/24 03:06 24°N21.564" 127°E00.434° 2008/05/27 00:02 23°N55.079" 127°E36.004"

Appendix 2-1. Summary of basic statistics arranged by day after hatch (DAH) on each
Tracking day for surface tows: mean, maximum and coefficient of variation of larval
density (In + 1). NS: number of stations; zero: percentage of stations where no larvae
were collected.

DAH 4 DAH 5 DAH 6 DAH7
Patch Track NS Mean Max CV Zero Mean Max CV Zero Mean Max CV Zero Mean Max CV Zero

1 0 21 69 83 251 52% 65 8.1 137 19% 64 B0 115 0%
1 7 48 60 1.18 43% 57 65 092 29% 56 65 094 0%
2 7

2 0 21 42 65 238 43% 58 76 141 10% 6.0 73 094 0%
1 7 06 14 171 71% 3.2 46 150 43%

3 0 4 76 82 092 25% 83 92 111 25% 79 9.0 135 25%
1 11 60 8.1 246 64% 58 7.5 177 45% 52 7.0 179 45%
2 15 19 38 264 87% 31 48 181 53%
3 4 23 35 170 25%

4 0 6 16.0 17.3 1.50 0% 142 154 146 0% 9.9 110 1.22 0% 57 7.2 182 33%
1 6 11.2 124 1.21 33% 11.5 13.0 1.64 33% 101 117 1.96 50% 6.8 B84 207 50%
2 7 95 112 200 43% 106 11.4 093 14% 9.7 105 099 14% 78 8.8 101 14%
3 7 61 77 173 29% 72 B85 128 29% 69 74 071 29%
4 7 16 29 178 71% 46 59 1.29 43% 54 64 1.04 43%
5 7 33 51 251 1% 43 6.0 206 71% 36 50 149 0%
6 7 19 36 236 71% 28 42 176 71%
7 7 38 51 L71 1% 47 60 171 71% 3.2 47 185 43%

7 0 4 65 72 116 50% 97 103 090 25% 96 107 1.27 25% 82 94 143 25%
1 5 58 74 224 B0% 77 8.0 153 0% 80 B89 122 20% 82 92 121 20%
2 5 4.5 55 1.28 20% 61 7.0 080 0% 68 7.6 090 0%

8 0 3 1.8 23 0.90 33% 45 51 098 33% 51 57 094 0%
1 5 04 1.3 224 BO% 22 3.1 138 60%
2 5

2 0 1
1 6
2 6
3 4

DAH 8 DAH9 DAH 10 DAH 11
Patch Track NS Mean Max CV Zero Mean Max CV Zero Mean Max CV Zero Mean Max CV zero

1 0 21 55 71 107 0% 35 45 084 0% 15 31 141 29% 19 32 132 24%
1 7 53 63 107 0% 40 48 093 0% 37 55 216 0% 47 66 254 0%
2 7 05 1.1 143 29% 07 12 086 14% 18 3.0 116 0% 53 7.2 255 0%
2 0 21 52 66 L10 0% 45 62 126 0% 41 60 158 0% 33 50 153 5%
1 7 37 52 168 0% 35 50 161 0% 4.1 55 1.38 0% 44 56 115 0%
3 0 4 60 7.1 144 25% 30 42 158 25% 04 1.1 200 75% 0.0 00 200 75%
1 11 43 6.0 181 45% 35 53 202 45% 22 36 176 64% 07 25 3.11 82%
2 15 31 45 140 33% 26 39 121 2% 1.9 31 112 33% 03 13 193 47%
3 4 24 35 132 0% 1.2 1.7 067 0% 08 1.2 078 25% 03 07 176 25%
4 (1] 6 27 40 1.59 67% 01 06 245 83% 00 01 245 83% 0.1 05 245 B3%
1 6 29 45 198 67% 03 12 215 67% 06 1.7 245 B3% 0.0 02 245 83%
2 7 43 52 094 14% 1.3 25 150 43% 06 1.2 136 57% 04 10 175 71%
3 7 56 68 115 20% 28 42 147 29% 07 16 136 43% 04 08 129 57%
4 7 4.5 53 098 43% 32 40 1.07 29% 1.9 3.0 1.24 20% 09 15 089 29%
5 7 33 42 093 14% 32 42 119 4% 32 44 141 14% 29 42 151 14%
6 7 18 34 208 57% 06 1.8 203 43% 09 23 221 57% 1.3 29 250 71%
7 7 1.9 29 111 14% 1.2 1.6 060 14% 08 1.2 075 29% 14 22 110 29%
7 0 4 44 54 131 5% 03 08 152 50%
1 5 64 74 128 20% 29 4.0 144 40%
2 5 64 71 091 0% 50 58 083 0% 26 36 1.18 20% 0.3 08 169 40%
8 0 3 39 45 085 0% 24 33 142 0% 23 31 113 0% 24 33 130 0%
1 5 22 32 138 20% 1.0 1.7 108 20% 1.1 22 160 20% 22 35 179 0%
2 5
9 0 1 07 07 0% 1.0 1.0 0% 1.2 1.2 0% 1.0 10 0%
1 6 06 1.8 83% 11 25 83% 16 32 67 % 1.3 27 67 %
2 6 01 02 50% 05 09 33% 13 21 17%
3 4 04 10 75% 18 3.0 50% 24 36 50%




Appendix 2-1. (continued)

oSy FIBERIC X B 7 a~ 7 a g A R

DAH 12 DAH 13 DAH 14 DAH 15
Patch Track NS Mean Max CV Zero Mean Max CV Zero Mean Max CV Zero Mean Max CV Zero
1 0 21 1.3 3.2 213 33% 04 22 326 52% 0.1 1.2 383 81%
1 7 42 6.1 262 29% 23 42 264 57%
2 7 63 83 263 0% 6.3 82 264 0% 54 7.3 264 14%
2 0 21 16 3.1 150 10% 05 2.0 229 24% 04 23 375 62% 04 24 424 86%
1 7 33 44 103 0% 1.5 22 085 0% 03 06 057 0% 0.1 03 222 71%
3 0 4
1 11
2 15
3 4
4 0 6 0.1 03 245 83% 0.0 0.0 245 83%
1 6
2 7 0.1 04 183 71% 0.0 0.0 2.65 B6% 00 03 265 86%
3 7 0.1 03 178 57% 0.0 0.0 265 8B6%
4 i 06 14 121 29% 02 05 1.18 43% 01 02 172 57%
5 7 1.5 27 156 14% 05 1.5 198 43% 01 06 1.89 57% 0.1 06 245 71%
6 7 1.1 27 262 1% 06 2.0 265 86% 02 09 265 86%
T 7 1.6 26 134 43% 1.9 31 146 57% 1.1 22 150 57% 04 11 171 57%
7 0 4
1 5
2 5
8 0 3 1.8 27 140 0% 1.3 1.9 098 0% 1.0 15 089 0% 09 15 122 0%
1 5 22 36 181 0% 22 35 171 0% 1.7 29 163 0% 14 26 1.76 40%
2 5
9 0 1 02 02 0%
1 6 0.1 03 83% 0.0 0.0 83%
2 6 1.3 20 17% 09 14 17% 04 08 17% 00 01 67 %
3 4 1.0 16 50% 09 1.8 50% 05 1.2 50% 02 06 75%
DAH 16 DAH 17 DAH 18
Patch Track NS Mean Max CV Zero Mean Max CV Zero Mean Max CV Zero
1 0 21
1 .
2 7
2 0 21 02 14 337 76% 0.1 0.7 285 86% 0.1 04 254 86%
1 7 0.0 0.1 265 8B6% 0.1 03 265 86% 0.1 03 265 86%
DAH 16 DAH 17 DAH 18
Patch Track NS Mean Max CV Zero Mean Max CV Zero Mean Max CV Zero
3 0 4
1 11
2 15
3 4
4 0 6
1 6
2 7 0.0 03 265 B6% 0.1 05 2.65 86% 0.0 03 265 86%
3 7
4 7
5 7
6 7
7 7 02 05 172 711%
7 0 4
1 5
2 5
8 0 3 03 05 090 33%
1 5 1.1 23 190 40% 1.1 24 213 60% 0.7 1.7 201 60%
2 5
9 0 1
1 6
2 6 0.1 04 83% 0.1 04 83%
3 4 0.1 02 75%
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Fig. 2-3. Frequency distributions (by patch) of direction and velocity of sea surface current during each
tracking period observed by Acoustic Doppler current profiler (ADCP) and a reference buoy
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Fig. 2-4. Length frequency distributions of each tracking day of each patch. Modes are indicated by
white arrows (0 day), shaded arrows (intermediate tracking day) and black arrow (last day of each
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--2day,n=83
3 day, n =46

Table 2-3. Otolith daily ring analysis. Growth rates (mm d) of each day
after hatch (DAH) and medians, 10th and 90th percentiles and each quartile

of standard length

patch indicator Source DF AdjSS AdjMS F P

DAH 8 321 40 028 0945

1and 2 range patch 1 5.6 56 040 0.557
Error 5 71.2 14.2

DAH 5 36.8 74 201 0.300

3 range tracking day 1 6.9 6.9 1.88 0.264
Error 3 11.0 3.7

DAH 8 31538 395 226 0.169

4 range trackingday 4 303.6 759 434 0.055
Error 6 105.0 17.5

DAH 6 10.7 1.8 036 0.852

5and 6 range tow 1 4.4 44 089 0.518
Error 1 4.9 4.9
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HET 57 B~ 7T ONARIZ D> THRNLT
w5 (Fig 1-1) WM S SUEN: L ARSEED
WHOWAH Y, PEE1007> 5500 km, FEIIIEHT #EC
Z80H M OF A H B Z LBMENT VS, FKEOH
#1X15 205 20 em s' T & Y (Ebuchi & Hanawa
2000), #WAEEKAHT7 A5 10 cm sTTHEHAMEA, FHoOWV
COMZRMEBMET S EDHM5NT WS (Ebuchi
& Hanawa 2001) o

ARETREE-IIHA ZRKFERATr—V (BEm»5
100 km HAL) TOMFI 2 iR $ 5o B IBE
DAF 534 D22 DAL 2 IR T 50 H=1TKP
G & BRGSO BIR & fEAT L, SEPUIC B E SRR E)
P2 IR 5, BAACHE & P B oM 12
B H%&E %R T 5 (Satoh 2010)

HEteHE

HERA T (geostatistics) & (EASK, #1120 T
THY, »IHRAEXBEROLEWEROEH L Tl
THHEE L TRELCEL, MEKBEARTR-Y
VTR RAT) DIXE R LB L5026 BIFEN
Tldhwv, 2T, SHXO—F2 5 Lo enER
=) Y F=5 e HnT, BXEKRE TS5 FED
Ko (W - A 2004), BT, HESEH
WZEEEST, MINIEENLHERMEOEZ FHIT
B EBRE, BRI B T AR OGS mOHEE, Kik
FRIILOE L TEWOSARNTIIS B S (72
& Z21Z, Rivoirard et al. 2000, Li et al. 2007, Kleisner
et al. 2010) o Z OMIRBEETFI T X 2 22 0P Hlix
BWMLT2Z ) X7 (krigihg) EIENRTWS (]
M - K 2001)

ARETIE, KESHTOHEMAB (Rivoirard et al.
2000, Li et al. 2007) 25V, b - & & —MW 7%
) ¥~ 7 (ordinary kriging) % H\ 72 B 5 CTHER
WO NIATMBEEZEREROEGOFEIME L &
A, B DAOEFT COFAREE TFNT 5, £,
BIN R 2 & DA B & BN S R B A & Z2 R o FH B
N FTF L)% ARD, ZONY T 7T L% RN
)+ 27525 (y*(h); experimental variogram) &
Ko MREMICEIN A ERE (h), Moo + 75
LeT7uay bL, MYREFVTTIA4y FEED, &
DETFN %2 HFH/N) 4 75 2 (theoretical variogram
model) &S, BN 4 77 23X TREHE S
% (Rivoirard et al. 2000) o

;ﬂm:OB*E%szwqa&yd&W (1)

ZZT, hidBsolgE<T, »50E (lag) TH
TI54XF %, N(h) ZH#Eh THRTONTWS 2

DSOS (xi, xj) ODXRTETH %, z (xi) —z (xj)
FEAE (xi, xj) OB BT R— FOFRBEDAETD
b 2B, heh73T54 X35 laglZHEHIE LT2.0
km #7225, $EHloHTT I v 7 by REERAT
o7 YAEIXER L, Patch 1& 203880 H HTIX0.5
km & L, Patch 5& 6 Tid, £EELHET8km, #dH
&ETI5km & L7z F/2, EhENO 35— b THA
BENPRKRELRRLOT, NI 75000 KERY
2T 572012, NUF T T hEZTNENOFHTIHL
T, 1E#AL L7z (Rivoirard et al. 2000) .

BUWS R () AhSwe &L, FAEEOE
NSV ERTFHENLEDT, NI 7T HH/NE
WD EEZONL, LT, h2dbsliE ch&
e, NUFTFZLRHFITHIGE, TOLED
BT A A E oMb Twb, 20
MBS EbN LR L Y (range) &R, o F
0, 5B TH O NIATAEEDS T BIE B % &
AL YV bR b, AIfFETIIL YV E
IR — bPOKFENERESORELE AR L, 2,
W HIlhol b EON) X 77 20fE%E VIV (sill)
EWEE WU F 7T AR T TICRE iz 5o
BB DB, TONVF T T AOfEE F T v b
(nugget) LS, 77 v MO T A4E, Rifst
TWZIE, 1EOT5 Y27 by y MREORENE
(net path) 138 X #2504 5500 m TH 525, TDA
= &) d/NE #PH T ASEEE M2 LTw
5LEZObND, ZOIMHE (LYY, YvBLUT
7y N) OIREL, BEANVE ST EADINT A= T
5o

BN & 7T MTEE, Tio 3HEIMEH I
bo B, BEIEFT Yy bENTA-FLLTHEE
72\, (1)ERT (spherical model) y (h) = nugget + sill
[(3h /2 range) - (h /2 range)®], 727 L h =< range;
y (h) = nugget + sill, 7272L h > range. (2F5%
(exponential model) y (h) = nugget + sill [1 - exp
(-h / range)], 7272Lh >0 py (h) =0, 7z72L h =
0o (3)#"7 2% (Gaussian model) y (h) = nugget +
sill [1 - exp (-h /range)®le 22T, y (h) (ZHHN
VF 7T MMl BN F 7T A ERBERN) AT T A
274 v PEEDBEIE, TRTOKENY A7 T 4
fEZ V7225, h K& L, BN F 75 MENRA
LR, KRB0 £ ToOHRE 5
NN A 7T 2 VD Z E RSN T
W5 (W & ®H 2001) T, Patch 1& 2 ®EERH
0 H H & Patch 3128 Cidm KBNS HEED 155
FCTOHMECR LN N 4 7T MR Wiz,
¥ 72, Journel & Huijbregts (1978) &, & 7121330
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PEDOBHIEORT &L & L RBNY 75 A
EDEELEDT2DIZHESEL TWAHDS, Patch 4, 7, 8
BLOYTIE30TEL TV, fENYF 7T AL
EFNNYFTSLDT 4y hDOREEFT goodness-
offit (GOF) %fgfEL L, 3MEDOET VD H B, GOF
HI/NDE TN 2RI 72, GOF 3 R(2)TRIFE SN S
(Rivoirard et al. 2000) o
zh:w(h)[y(h)—y*(h)]z

8o Sl (0 )

22T w (h) Ey*(h) BEBN) 7T NEFET
5L EIHCZBNEORTE, y () N A
7 Ml

bold 74y PORDPSIZMBmNIF T LET
VEHWT, #% 71 ¥ 7 (ordinary kriging) Fifll
ZREB)TIT ).

kaiwﬂw (3)

ZIT, SUAB AT o TR Wt O,
wi (& Z OGRS 5 HBOENTMERE Z (s) ©
HAHGNVF T T ANDT 4y Ve@EZ)F VT
X R gstat module (R Development Core Team 2009)
EHW,

I8y FHFEOFEREZW S NI 5 HIWT, e
&0 Wit 2 B L 72 I BE (Sea surface height,
SSH) 1TV * 1 F& (geoid height) 75 D17 TR
L, "% (http://goos.kishou.go.jp/) S5 H T &
I SN TV lEE 720 Z O 5 1320034
TR XY, ANLfgREERO TS ER (TOPEX/
POSEIDON and Jason 1 altimeters) 2 & V) #EEEREEE
0.25° X v ¥ 2 T LT, FM#28° 6 JbfES6°, HUAE
118.75° 7 5 P #%79.5° O #EPA Tf% 5 M7z (Kuragano &
Shibata 1997, Kuragano & Kamachi 2000, 2003).
I R SO W TR L 72,

BR

BT 1 OELEF

BT A OFLm, HidiAs ADCP Tl L7z 7 4 J&:8
OFI, WHE —BT S LIEHE 2 TR L, B
o BV (IR I EE s S 15 S Nz i) o
), W e 7 A OB % Fig 3-1127R8 L72. Patch 2T
&, Hfigyg &SI, Patch STIXHAT IR ASE 726D
7, GBERT A O & X ORI & HERIRICA 2
2o ThHZRBRL E, BH7A1E, BBOG NS
B> THNTWD EWR b,

KEDTD fine-scale #&i&

Z 2 TO fine-scale &1, KFEBBETEE m HAZD
fFfa A w489 Patch 1& 2 0BHH O HHTIX 1 [
5 43 g 2 20l TV, AR & LTI O
PEREX12.1 km, 12.7 km 12 L7z (Fig 3-2). WD
Ny FEHBHEDar—1 (DAH SN H12) THEK
N7z. Fig 3-2113 &8l 5.0 DAH 6, DAH 9, DAHI2
DHMBEE IR Lz ¥ 7Y v 73 H (0K
SEIAKE) ICOMRTONTZ. WDy FT, WD
POIAF— MEITRTOBPMTRES L, 2203
vy FR>AHELEDI2km IV IFELGAHALTVDE E W
Ao B EOKRE ZKRZED) (FKiid S KE0 m
DN-394H) 1%, Patch 1TIEBINAD2.1 km 2*55.1 km
OFIZA SN, 274CTH 527 1CITIKF L72s Patch 2
TlE, 3.7 km 72 56.4 km ®R1224.1C 2 524.7C~ 1
AL7e L2, 20X KEEEZHbE A0
A DZEENTABZ T A SN h o 72 (Fig 3-2)0

BENI XTI LN ELL 74y b Lzak—b, 7
b B I GOF 28k <, BEMWRL ¥ IVHEE S
n7z-ax— b (Appendix 3-1ICT7 A%V A7 #fJ1F T
/RL72) 1%, Patch 1TiZ 6D, Patch 2TlZ 8O THh
572 33K — MAERE, 2 ak— FAFEEM, Kb
9aR—= B HT I ZAMTCET VLI N/, DAHZ &
DL ¥ Vid Patch 10 DAH 555 7 2KVl & 7R” L 72
ek, BBXZ2~6 km (Fig 3-3) #mRL
720 IEHDEEALNTZHDOD, 20D3yFDL ¥
VEDAHOMICR AR ZMBREIERON L2 - 2
(ANOVA, F =0.28, P =0.945, Table 3-1), & ¥,
Ny FZTE, DAHZEDT7 4 v FOBET, £/35 X
— %, GOF I Appendix 3-1& Appendix 3-21Z7% L
720 ARWEZETIZ Sy FOXKFEHEEE LT, LY IIZo
AHEHLZZDOT, ED0D/8T A —=FIZOWTIHRNT L
B\,

K24 D mid-scale #&&E

Z 2 TP mid-scale 1%, HHBEREII®LZD, K
SERUEECR km MU 5 2 520 km VU5 O£ 55 4i = 5
To BEF LT — MISUTB X AZAHS, WMIAYIZIX
—ODONXy FIE 205633 F—bMeFERELar— &
LCaET, %R ar— bUATRAKEGAIZILHD
Y%, RESNGZWBIINSL ), N7
TARFRTZIEVHE L ko7, LI, THD
B S E A vy Patch 7, 8 BL U9 TIE7 4 v b
Ao 72D T (Appendix 3-1), Patch 3& 412ow
TOH, BIPORERMORERRZ VT, K
DAL % B 5D, Patch 3TIX102 F— MIDOWTH
FN)F T T ANRBL D TIEE 572, 6 TFR— FHER
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240 260 280 300
SSH (1500 dbar reference)

Fig. 3-1. Sea surface height (SSH), sea surface currents and buoy trajectories (white lines) for each
patch. SSHs were derived from satellite altimeter data and obtained from the Japan Meteorological
Agency. Geostrophic currents were calculated based on SSH data
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Fig. 3-2. Changes in sea temperature of Patches 1 and 2 (solid square: average from 0 to 50
m depth; shaded square: average from 0 to 10 m depth) at every 5th station. Also shown is
the distribution of larval densities (Ln [density + 1] x 1000 m™) at 6, 9 and 12 d after hatch
(DAH) for Patches 1 (solid bars) and 2 (white bars) of each station relative to cumulative
distance of the adjacent stations
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Appendix 3-1. Theoretical model arranged by day after hatch (DAH) of each patch on each Tracking day for
surface tows. Sph: spherical model; Exp: exponential model; Gau: Gaussian model, GOF: goodness of fit.
Asterisks show the models which are used for statistical analysis

Patch  Track DAH4 DAHS DAHG DAHT
Model Sill Range Spatill GOF Model Sill Range Spatial GOF Model Sill Range Spatial GOF Model Sill Range Spatial GOF
(km) dependence (km) dependence (km) dependence (km) dependence
{1 = nugget/sill) 11 = nugget/sill) {1 = nugget/sill) {1 = nugget/sill)
1 0 Sph 073 306.82 097 0.94 Sph 118 30682 097 0.90 Gau 167 645 082 007
1 Gau 070 797 1.00 0.08 Gau 0.19  5.61 100 0.21 Sph 500 306.84 0.97 018
2 o Gau 099 (.53 1.00 0.07* Exp 079 026 1.00 0.10 Exp 089 023 Lo 0.12°
1 Sph 16.28 306.85 0.96 0.27 Sph 093 6359 1.0 054
3 0
1 Sph 022 367.72 0.82 0.92 Gau 115 2.02 0.75 0.13* Sph 125 661 100 0.19
2 Sph 073 1042 1.00 0.19 Sph 108 675 079 007
3
4 0 Sph 023 4.10 0.94 0.69 Gau 9283 86.80 1.00 0.12 Sph 055 4.20 0.92 0.42 Gau 97196 291.30 100 062
1 Gau 144 553 1.00 0.33 Gau 140 524 1.00 0.31 Sph 143 1310 1.00 0.1a* Gau 117 382 1.00 022*
2 Exp 174 742 1.00 0.27 Sph 085 1188 1.00 0.23 Sph 076 1041 1.00 0.21 Sph 074 1056 100 026
3 Sph 1.14 1039 1.00 0.12° Sph  1.08 13.96 100 0.14% Exp 223 2072 100 0.16°
4 Sph 033 25526 012 0.62 Sph 134 1407 0.70 0.23° Sph 131 1053 085 021°
5 Gau 304 2456 1.00 0.35 Gau 159 1273 100 016" Exp 110 525 100 025"
i Sph 036 612 0.00 0.64 Sph 012 640 067 085
7 Sph 106 1754 1.00 0.41 Sph 1.03 1650 1.00 0.41 Sph 115 1443 100 044
7 0 Sph 004 B.00 0.60 0.07 Sph 002 800 0.60 098 Gau 002 800 0.60 0.08 Gau 003 800 060 097
1 Sph 0.19 52981 0.80 0.93 Sph 0089 640 0.65 0.91 Gau 144 1559 0.66 0.36 Gau 28906 281.11 L0 039
2 Sph 0326 1297 1.00 0.28 Sph 0.52  8.60 1L.00 0.42 Exp 191 1.98 L0 041
8 0 Sph 285 640 0.59 0.74 Sph 0.11 640 0.59 0.94 Sph 025 640 057 085
1 Gau 3547 3377 1.00 0.10 Gau 94507 122.57 100 021
2
9 1]
1
2
K]
DAH 8 DAH9 DAH 10 DAH 11
Patch Track Model Sill Range  Spatial GOF Model Sil Range  Spatial GOF  Model Sill Range Spatial GOF Model Sill Range Spatial GOF
(km) dependence (km) dependence (km) dependence (km) dependence
(1 - nugget/sill) (1 - nugget/sill) (1 - nugget/sill) (1 - nugget/sill)
1 0 Gau 119 383 080  0.04° Gau 088 236 003 0.03° Sph 104 3.05 100 003" Gau 107 157 087 001°
1 Sph 679 306.84 0.97 0.11 Gau 618 11.83 1.00 0.05° Sph 082 306.85 0.96 0.43 Sph 0.10 25564 0.91 0.47
2
2 0 Sph 10.68 306.82 0.98 0.21 Gau 1.12 339 0.67 0.04° Gau 1.08 292 0.85 0.05* Gau 130 278 084 007
1 Sph 044 70.13 0.00 0.65 Sph 023 241 0.00 0.75 Sph 334 306.85 0.96 0.75 Sph 501 306.85 096 065
3 1]
1 Sph 105 5.83 LoD 0.18° Exp L10 072 100 0.12° Exp 118 029 LoD 0.14° Sph 2172 367.98 088 049
2 Sph 102 524 100 0.07* Sph 103 613 1.00 008 Gau 084 273 100 003" Sph 060 740 100 0.00°
3
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Patch Track “DAH B DAH 9- : - DAH 10 - - - DAH 11 -
Model Sill Range  Spatial GOF  Model Sill Range  Spatial  GOF  Model Sill Range Spatial GOF  Model Sill  Range Spatial GOF
{km) dependence (km) dependence (km) dependence (km) dependence
{1 - nugget/sill) 11 = nugget/sill) (1 - nugget/sill) [1 - nugget/sill)
4 ] Gau 0.74 286.80 0.00 0.38 Sph  7.88 255.30 0.65 6.66 Gau 341 1530 1.00 0.24 Gau 340 1530 100  0.24
1 Sph 0.14 212.05 0.07 0.82 Exp 64.45 2736.04 0.98 0.97 Sph 116 367.95 0.40 0.57 Exp 7813 91364 0.83 2948
2 Exp 087 322 066  0.18* Exp 160 14.78 0.90 0.38 Sph 124 1159 1.00 0.35 Exp 148 019 059  0.56
3 Exp 248 2413 1.00 0.19* Exp 112 581 1.00 0.25 Exp 08 219 1.00 0.36 Exp 9452 2279079 098 1.68
4 Sph 134 1301 072 0.19° Sph 131 1363 0.76 0.18* Sph 132 1398 1.00 0.18" Sph 2026 916.11 098 019
5 Sph1143.91 28726.54 1.00 0.33 Sph  1.10 1679 1.00 0.24* Sph  1.19 17.88 100 0.21* Sph 118 14.78 100 0.24°
6 Exp 103 173 1.00 0.63 Gau 089  B66 0.84 0.39 Gau 099 10.68 1.00 0.41 Gau 112 1338 1.00 046
7 Sph 114 12.89 1.00 0.41 Sph 098 1293 1.00 0.33 Gau 142 17.15 0.00 0.58 Exp 180 1761 .00 0.35
7 0 Exp 009 800 0.60 0.92 Exp 334 800 0.60 0.47
1 Exp 10.96 101.82 1.00 0.29 Exp 172 875 1.00 0.32
2 Exp 137 164 1.00 0.41 Exp 143 651 1.00 0.41 Exp 171 244 1.00 0.50 Exp 1052 272 .00 0.42
8 ] Exp 071 0.00 1.00 0.44 Sph 146 25571 0.95 0.74 Sph 11.79 255.71 0.96 0.55 Sph 397 25571 095 067
1 Gau 974,02 130.48 1.00 0.18 Gau 1.50 4.98 1.00 0.04 Sph B65 36822 0.96 044 Sph 383 36821 096 072
2
9 0
1 Sph 7.31 368.10 0.94 0.41 Sph 365 368.10 0.94 0.58 Sph 234 368.10 0.94 0.68 Sph 174 306.50 085 051
2 Gau 139 4.80 0.00 0.29 Exp 6122 109945 0.97 0.82 Exp 631 763.17 0.91 0.32
3 Exp 005 10.06 0.00 091 Gau B05.42 811.72 100 0.74 Gau 2155.07 874.77 100 0.36
Patch  Track - DAH 12 — DAH 13 - DAH 14 - - DAH 15~ -
Model Sill Range  Spatial GOF  Model Sill Range  Spatial GOF Model Sill Range Spatial GOF Model Sill Range Spatial GOF
(km) dependence (km) dependence (km) dependence (km) dependence
1 = nugget/sill) 1 = nugget/sill) (1 = nugget/sill) (1 = nugget/sill)
1 0 Sph 075 371 090 003" Exp 53.05 1099.54 0.99 0.23 Gau 330173 261.76  1.00 5.40
1 Gau 831.94 222 88 1.00 0.62 Gau 1846.95 223.96 1.00 0.63
2
2 0 Sph 104 6.03 0.91 0.09* Gau 086 391 0.86 0.18* Exp 4881 100051 0.99 0.59 Exp 3938 100052 099 043
1 Sph 8.14 306.85 0.96 0.54 Exp 90.73 1099.61 0.99 0.49 Gau 317.79 80.20 1.00 0.22 Gau 27508.77 348.27 100 50.77
3 0
1
2
3
4 0 Gau 340 15.30 1.00 0.24 Gau 340 1530 1.00 0.24
1
2 Gau 187 108 0.28 1.30 Sph 065 498 1.00 0.64 Sph 228 374 0.00  4.84
3 Sph 079 7.8 1.00 0.33 Sph 075 &7 1.00 0.30
4 Sph 2046 763.31 0.98 0.28 Sph 175 26.68 0.91 0.12* Gau 111 532 0.00 0.28
5 Sph 1.21 1362 100 0.24° Exp 28.19 2279.59 0.97 0.42 Sph 246 7.90 0.00 4.34 Exp 1.83 2057 1.00 033
6 Gau 100 11.62 1.00 0.46 Gau 089 1135 100 0.46 Gau 089 1135 1.00 0.46
7 Exp 574 76.64 1.00 0.32 Exp 66.39 1024.30 1.00 0.30 Exp 764.54 1275503  1.00 0.28 Exp 099 869 1.00 032




110

Appendix 3-1. (continued)

Keisuke SATOH

Fig. 3-3. Relative (to sample variance) experimental variogram (open
circle) and theoretical variograms (solid line) of DAH (day after hatch) 11
of Patch 1 on tracking day 0 (left panel). h: distance between stations
(km). Righthand panel shows age-specific values of range of Patches 1
(solid circle) and 2 (open circle). Lag = 0.5 = 0.25 km. Each fit used
experiment variograms < 6 km (approximately half of maximum h).

Patch Track DAH 12 DAH 13 DAH 14 DAH 15
Model Sill Range  Spatill GOF Model Sill Range Spatiall GOF  Model Sill Range Spatial GOF Model Sill Range Spatial GOF
{km] dependence (km) dependence (km) dependence (km) dependence
1 - nugget/sill) (1 - nugget/sill) {1 - nugget/sill) (1 - nugget/sill)
7 0
1
2
8 0 Sph 164 255.70 0.94 0.70 Sph 778 213.03 0.89 0.46 Exp 278 4938 0.01 0.33 Sph 767 213.04 0.89 047
1 Sph 3.68 368.20 0.96 0.76 Sph 271 306.82 0.94 0.80 Sph 3.61 306.82 0.94 073 Sph 500 368.19 085 072
2
9 0
1 Sph 239 7.10 0.00 4.63 Gau 207 320 0.00 319
2 Sph 155 12.14 0.00 0.95 Exp 21.75 91628 0.96 0.29 Sph 105 308 0.00 0.21 Sph 153 1025 078 024
3 Sph 067 2751 0.00 0.02 Gau 126.94 456.11 1.00 0.41 Exp 002 24.14 0.52 0.43 Sph 048 22882 0.00 098
Patch Track DAH 16 DAH 17 DAH 18
Model Sill Range  Spatial GOF Model Sill Range  Spatiall GOF  Model Sill Range Spatial GOF
{km) dependence (km) dependence (km) dependence
1 - nugget/sill) (1 - nugget/sill) (1 - nugget/sill)
1 0
1
2
2 0 Exp 114.24 109955 099 6.20 Gau 428862 307.02 1.00 5,06 Sph 1428 146.07 0.85 1.48
1 Sph 34.44 8590 0.97 10.01 Exp 66585 916.35 0.99 101.15 Exp 66585 916.35 0.99 101.15
3 ]
1
2
3
4 0
1
2 Sph 228 3% 0.00 4.84 Sph 363 17735 0.31 6.79 Sph 228 374 0.00 4.84
3
4
5
6
7 Sph 086 648 100 030
7 0
1
2
8 0 Exp 330.38 0.02 1.00 11.55
1 Sph 632 368.20 0.96 0.65 Sph  5.50 368.21 0.96 0.67 Sph 1132 368.21 0.96 0.54
2
a 0
1 2 Gau 1.03 10.11 0.00 046 Gau 1.03 10.11 0.00 0.46
3 Gau 389 1011 0.00 9.68
§ atch |
5 | Patch 1 e D h2
DAH 11 O-O palc Patch 1
o
6
o
© o]
& o) <y
£ ool Q c 4
o | ®
(D Lo
o]
o
o
o 2
o]
e
0 0 -
0 5 10 4 56 7 8 91011121314
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Table 3-1. Effects of explanatory variables (day after hatch [DAH], Patch,
Tracking day and towing method [tow]) on the range of spatial structure of
the larval patches. Explanatory variables are treated as categorical variables

patch indicator Source F AdjSS AdjMS F P

DAH 8 321 40 028 0.945

1and 2 range patch 1 5.6 56 040 0.557
Error 5 71.2 14.2

DAH 5 36.8 74 201 0.300

3 range tracking day 1 6.9 69 188 0.264
Error 3 11.0 3.7

DAH 8 3158 395 226 0.169

4 range tracking day 4 303.6 759 434 0.055
Error 6 105.0 17.5

DAH 6 10.7 1.8 036 0.852

5and 6 range tow 1 4.4 44 089 0.518
Error 1 4.9 4.9

Appendix 3-2. Relative (to sample variance) experimental (s: Patch
1; d: Patch 2) and modeled variograms (-) for each day after hatch
(DAH) of Patches 1 (left panels) and 2 (middle panels) on Tracking
day 0. %: distance between stations (km). Righthand panels show
age-specific values of sill, range, spatial dependence (1 - [nugget/
sill) and goodness-of-fit (GOF) of Patches 1 (s) and 2 (d). Lag = 0.5
+ 0.25 km. Each fit used experiment variograms <6 km
(approximately half maximum /). Several points of experimental
variograms of ages 9 and 11 in Patch 2 were larger than the x-axis
range
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R, 2 3K— MHREIY, K5 2 ak— s H Y AR
TEF ML E N7z, Patch 4TIE192 &R — M IZDOWTE
TWNNY F 7T AHHERE STz 13T R — b ASERAY,
4 aFR— FDRBIN, 523K — FAA Y AMTE
FMEE Nz BTONRy FEBLT, BRI N-H
NV F TS LADETFT ML, REHIAR R R0,
ENDPDOET VIR THEIREIN DL Z L3 e h o720
L YL DAH OBICITAERBRIEIE SN L7z
(Patch 3; ANOVA, F =201, P = 0.300, Patch 4;
ANOVA, F =226, P =0.169, Table 3-1), %7z,
Ly YV LBHHOMIZ O AERBRIEIHE SN h o7
(Patch 3; ANOVA, F = 1.88, P = 0.264, Patch 4
ANOVA, F =434, P =0.055 Table 3-1)o L ¥ ¥
GEBPICAEBICEBIE L 2w E WR b,
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Fig. 3-4. Larval density (Ln [density + 1] X 1000 m™) distributions of
each day after hatch (DAH) of Patch 3 on tracking days 1 (left panels)
and 2 (right panels) as derived by ordinary kriging. The origin is the
position of the reference buoy, and the x- and y-axes are longitudinal and
latitudinal distance (km) from the buoy, respectively
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Fig. 3-5. Age-specific values of range of Patches 3 (left panel) and 4 (right panel) for each
tracking day. Lag = 2.0 = 1.0 km. Open circle (tracking day 0), solid circle (day 1), star
(day 2), rhombus (day 3), open suare (day 4), triangle (day 5). The values of all ages on
tracking days 0, 6 and 7 for Patch 4 were omitted because these model variograms did
not fit well
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Fig. 3-7. Age-specific values of range of large scale
larval observation including Patches 5 and 6. Lag =
8.0 £ 4.0 km for surface tows (open circle), 15.0 =
7.5 km for oblique tows (solid circle). Each fit used
variograms < 50 km (approximately half of
maximum h (distance between a pair of two
stations)) for surface tows and all experiment
variograms for oblique tows
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Appendix 3-3. Relative (to sample variance) experimental (s: Tracking day 1; d: Tracking day
2) and modeled variograms (-) for each day after hatch (DAH) of Patch 3 on Tracking days 1
(left panels) and 2 (middle panels). Right-hand panels show age-specific values of sill, range,
spatial dependence (1 - [nugget/sill]) and goodness-of-fit (GOF) of Patch 3. h: distance between
stations (km). Lag = 2.0 £ 1.0 km. Each fit used all experimental variograms (maximum
distance is approximately 22 km)
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Appendix 3-4. Surface tows. Relative (to sample variance) experimental variograms from
Tracking day 0 to 7 (Q: Tracking day 1; +: Tracking day 3; d: Tracking day 5; z: Tracking day
7) and modeled variograms (-) for each day after hatch (DAH) of Patch 4. h: distance between

stations (km). Lag = 2.0

distance distributed from 12 to 25 km)

Gamma

+ 1.0 km. Each fit used all experimental variograms (maximum
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Appendix 3-5. Surface tows. Age-specific values (day after hatch, DAH) of sill,
range, spatial dependence (1 - [nugget/sill]) and goodness-of-fit (GOF) of Patch 4
from Tracking day 1 to 5. The values of all ages on Tracking days 0, 6 and 7
were omitted because these model variograms did not fit well

+ Day1 @ Day2 v Day3 e Day4 o Day5b

37 304
2 1 @© 201
-— l@)]
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A i
11 ® 104
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) LL0.2~
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(o)) O
g O
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DAH

FrIrlvbE, k= bOKFEHERES (L
vY) 135.83 km L X N7z (Fig 3-5, Appendix
3-1)o %38, Patch3L 4O DAH L D7 1 v bO
¥, %85 2A—%_ GOF i Appendix 3-3, 3-4B LV
351N L7z F72, FHORETIE, BNSE D2
TEHHY, BT 4y MRS o720T, §F
L WBRHTIZAT D o 72,

Large-scale TD/Ny F D9

20064F 6 A2 & ) KRE RHFPHTOD/Yy F D446 % Al
5 HMTI50 km WU 5128 X 240 km B E 1230081
R BT 720 BRSO 6P 5512 8 SR o h B
o (REEEED ) A%, BRI ARSUE O (ROREET
WY 2354 L7ze SNHOMIE, RIS~ BE)
LTz Fat 72081 &5 7 u~ 7 ufrfansit
HL, FRAFAEE OB WEI A 2 DO OFAIZ
A L7zo 2E Patch 5& 6 & L72(Fig3-6 A-C)o
Patch 51146 THRA SN, 6 2258 DAH O1fF

DAH

I CRERC S M, Patch 6I1ZBHI K152 TAD ), 5%
57 DAH DFD5H4 Lize 22008y FsREh
BT & R LT, s <, oK
<, K5 Tdh o7 (Fig 3-6 D-F)o WL &9
i, WABIOKERTH BEMETH-> THHM
FHBET, ChoD 3 o0BEERE Sy FO45%4
ORI S 22Tk v,

FrOW X ORERN) T 75 OGN F 7T AN
DEFMLIEZ) TL BV ERE D o7z, 2T,
FHo W & OB S EAS, FKERML AT, KRN 2%
#2251 HH720 1 HEEDLNZ EPRL WD T
Hhbo VolTH, KBRMWOY T urbid, BN
VAT TEADIRTA—=FPRIODaAR—FTHLN
720 6 2R — FAMERM, 55 2 3k — MSH T AR
TEFIMLE N (Appendix 3-6), L ¥ JiF2.2505
6.3 km (254 L (Fig 3-7), L~ ¥ & DAH OIZiZ
HELRERIEON L o7 (ANOVA, F=0.36, P
= 0.852, Table 3-1), BUHIHIH %8 L TSR -3RE
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Appendix 3-6. Summary of basic statistics and theoretical model arranged
by day after hatch (DAH) and towing methods at 30 (surface tows) and 23
(oblique tows) stations in June 2006 including Patches 5 and 6. Zero:
percentage of stations where no larvae were collected; Exp: exponential
model; Gau: Gaussian model; spatial dependence: 1 - nugget/sill; GOF:
goodness of fit; *models used for statistical analysis

Larval density (In+ 1) Zero Model Sill Range Spatial GOF
DAH Mean Max CV (%) (km) dependence
Surface tow
4 7.1 99 3.82 93 Exp 050 27356 0.95 2.00
5 6.3 94 4.08 80 Exp 0.89 2.8 1.00 0.66"
6 5.9 8.5 277 67 Exp 1.10 6.3 1.00 0.60*
7 5.6 7.9 240 67 Exp 1.11 52 1.00 0.43"
8 4.1 6.1 2.27 67 Exp 1.07 34 1.00 0.47°
9 1.6 39 260 73 Exp 1.05 3.7 1.00 1.08
10 0.2 1.3 2.84 87 Exp 0.80 23 1.00 0.91*
11 0.1 0.7 274 83 Gau 043 2.2 1.00 0.25°
12 0.0 04 4.88 93
13 0.0 0.1 548 97
14 0.0 0.0 548 97
15 100
16 0.0 0.6 548 97
17 0.0 0.6 548 97
18 0.0 0.3 548 97
Oblique tow
4 100
5 5.9 8.5 3.27 78 Exp 095 446 1.00 0.34
6 5.3 76 2.81 78 Exp 0.85 6.2 0.97 0.25*
7 4.3 7.2  3.86 78 Exp 0.07 2.1 0.83 0.95
8 24 52 3.60 78 Exp 0.13 21 0.83 0.75
9 0.5 23 278 78 Gau 0.66 8.0 0.60 0.20"
10 0.1 0.8 3.34 91 Exp 0.92 90.8 1.00 0.13
11 0.0 0.3 3.23 87
12 0.0 0.5 4.80 96 Exp 106 197.9 1.00 0.31
13 0.1 04 239 83
14 0.0 0.3 240 83
15 0.0 0.3 2.99 83
16 0.0 0.1 280 87
17 0.0 0.1  4.80 96
18 0.0 0.1 4.80 96
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Fig. 3-8. Larval density (Ln [density + 1] X 1000 m™) distributions of each
day after hatch (DAH) on observation of 30 (surface tows, left panels) and 23
(oblique tows, right panels) stations in June 2006, including Patches 5 and 6,
as derived by ordinary kriging. The origin is the position of Stn 130, which
is located in the center of the survey area in June 2006, and the x- and
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respectively
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Appendix 3-7. Relative (to sample variance) experimental variograms of
observation of 30 (open circle: surface tows) and 23 (solid circle: oblique tows)
stations in June 2006, including Patches 5 and 6. h: distance between stations
(km). Lag = 8.0 = 4.0 km for surface tows, 15.0 = 7.5 km for oblique tows.
Each fit used variograms <50 km (approximately half of maximum h) for
surface tows and all experiment variograms for oblique tows
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FEENS, WEZ Y F L TEBEMERV (Fig
3-8)0 FEWHTOREA 51, Patch 5& 6 I3HFLY
WCHABEIZ 20 S, Patch 5& 6 o0 4 1 #1365
km TH o720 %8B, KBBLA T — IV TOEMGAIC
DOWT, KERMEMOLEFIDAHI DT 1 v
N DOEET, %735 X —%, GOF & Appendix 3-712/R
L7

UEDSE&ETORTr—NVEdHbE s L, 83Dak—
MOSEREE S, DR233H DBEAMTbIIZDT, 233
DAF—=FZOWTL Y IWPRONDLIETTHD, L
PLEDS, FREEOKVIR—, BllKoL %
WAL EIEZL I ON oo Rk L7z k
BOT, mEMIHAEEOE I R— N E2JLIZ50
DAKR=TDOL ¥ I 5N (Fig 3-9). Patch 40
E— FA%15 km (10 km Pl E15 km i) OAH 57 T
WCE=F»BHo 7225, FNRLDAND Sy FOE— VI
5km Thotzeo TNLDFATr—NVTHESI N L
YV DOFIETS km THoTzo HE- T, 10 km WU H
530 km U5 CE315 km WUJ5) A3k — b odiilfg
HRESEVWZ D,

NES M & HARERE

MOCNESSS 12 & % J& 5l 751320054 6 A 2 H D1k
P12 A 520054 6 H 4 HOFHi 8 £ T, @7 A
DR OIOBIM T4 B S ITHREMFITDIRL
(Fig 3-10), &8, £EiI2mY) > 74 v FOfR%E

vz, BRERH (4B E) CHREKRET I LD
Ll rzu< 71320 m £ D ERVE TOARRE S
N7ze oL 2oElloiky (M13) &k (M22)
OB E O sigmat OFVE 7T 7 7 4 U h 5, BRE
BOJEDOKFEIEIBILZF40 M TH o7z, 7 a~ 7 afffi
OEWEY (Corveaeus J&, Clausocaranus J&7% & D/
WOARR—=F, ARR=FD ) —7) 7 2%E) 1%
FEH5100 mEET, ETCORTRESI N, £
o & DA DL & AT ORI 5547 2 I 72 B4R
Bholz,

L

KER

Fine-scale (J{&W m~ 1km) #*5 mid-scale (B X #
20 km PUJ5) CTEEIL72E 25, 28y FI3EED a3k
— FTHEL ST Wiz, HBIBEZ 7 — v TOKRF5 i
X, ZORAT —VTOWRDOEELZT T, a5
PEBHLTWEEEZEZ LN, Bikdark— MO
DOKFGHORMIEEMY L 720 ZhonZ ehs, B
X220 km WU DA — VORI TEH 75 Tild
ETZPEIRA XY M EREIRE T HEEO IR — 2SN
DEBTRE LEREN Sy F L LTBESNTWS
bDOEEZLNE, ML LIy FIRED TR~
M I N TV EHER, IF I~ affAaizonT
LG I N TS (Davis et al. 1990a) o
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Fig. 3-10. Vertical larval distribution (black bars; ind. x 1000 m™) and copepod
density (white bars; ind. L™) of each layer (0, 10, 20, 50 and 100 m depth) for
every 4 h of Patch 3 in June 2005. Larval densities are not corrected for net
avoidance, net intrusion or sampling time. Vertical profiles of sigma-t of the first
(Stn M13) and last (Stn M22) station of the MOCNESS observations

72O L OWMN L ER DD S LEbNR, &5
d 72, 7ux 7 uoEiEg20 km MU OBBTITH
NHLZLEERLTVDLIOND LRV, WolT),
Patch 3THBIZ SN2 L 9 12H D 1 HOFMHOKF4
Aild Y HOWIWER, AWrER (i) oz
FZUTRESNTEY, 1HITEICKRELERTS
EITHB, TOLHBKNT, Ly I OMEIEEN
Thotzbid, FMUWHEENZZT T, MEX 9K
SEGATEALT BB DD, Ny FLekE L TidE L E
DERbHEVWILEERTHIOTHA ),

Patch 4m:E¥F 6 H HIZIX, Z1LE T, BEFL Tz
ARE6~8mm &IIFR% 5, KE4~5mm DA
BHTREPHIIHBLTwA 2 Ens, BIICHEIL

72354, mid scale & 0 BN /-AE TR S - ok —
MALERAT A2WEEEIEETE 2V, 2O0XH %
Bk, RER L 72BN DNGE D) HEESKE R D
DT, HROPE & BRTEER OME % 53 % 121384
ThL b, BENAETOREINENIZTF— F DB
X, KBEEZ 7 — VTORBETHALNZ2DOD/8y F
(Patch 5% 6) IZABNB, ZD2DOD/XyFDL ¥
DiF2.27°56.3km TH O, B E (65 km) XD
FahE L, IS0y FEBET 240 DAH
BEM LT (DAH4 225 9) OT, 2OZDOOR
v FALITIZ RIS & 725 2 DPEIIA X > b i
ET DTN FTHDLEEZONL LD LGNS,
B L72 7208y FI2BWTIE, WRIERERED
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E— F2BIT 2520 MKLDT, REDWHELES
BETHLEIHLD OO0, 1HEMBEETIREDE
B3Rz wEEZ LN, A% &b Patch 4038 6
HHIZL?, 20X ZREDFRIEAOHT S Lo
2o DED XY R ENS, /8y FBITHE LN
O E, BREEEROZL, MEOBRERT I
FEBTHDLE VR D,

F 72, Patch 5& 6 2338 S M7= BH R 7K & 355
BHWIZHEML TV TH B, Bz k) BB
KTdH o> T OBIME THAI AR S NIZbIF Tl
Lol 72, TOOORy FIX LR LD H
WIGATIZH A LCTEY, Patches1, 3, 4, 78IV
9 B AT OHNBFTIZ 545 L7278, Patch 2& 8
X LARNOFF OGN 540 Lz £, Kil,
W B X OMHEZT TIIMFRS A 2 3T 2 D13 L
WThb9,

W oh»/8yF (Patch 1, 2, 3, 5BXU6)
T, HEgNU AT T AP A7 F 22K T4
vy MLZ2DT, 2V FrrefnizFig, a0z
Mg EZ IR 2DIC#HL L THETHLE N5, W
HFiZ ko, BINEED A R nid, ZOFETHE
W ZE R IR T A TEHR Oy Fh dH o
72 (Patch 4, 7, 8BXV9), A%ty 1HB
D7 HULEOBIREZR T ZVWERVT 4 v FHMEDS
NRVIREED R % 5,

ZHEtR, TR — N ORIV % 22 AR, W
HEN, B2 IEHEEORE, HLEMZHEGTS
BHEORE, BYWEMORE, K, JHGEER Y
W& oT, #BE22ZT5, BB OD
TROEE SO X BB OFABEEOIXL D&% D
726 L, LY VOMNIOBRNEESL D AFZETIE
BERENOIELDEAVNS L (BBA4ETHERD), BB
PER LA S D 22 BREE & o RIS 2 BIAR IS H e
Moz, TOREEROEFHO/NS S5, BHHO
ZERBEOREEZ DO LW E, 51TV
1, Patch 4m388F 6 H HIZ, BREERAAE <B{LL
72o TOLEBINEEIIZ 2257205, NV LT T
AE)FEL T4y bLdP ol RELBREENOLE
(LI 22 B e RIFT L EZ BN D,

LYV UNDBEN)F T T HDINTG A= D—D
Tdh 5220t EY (spatial dependence; 1 - nugget/
sill) 3% < DA, 1OICEWEZR L. Zhid,
F7 Y R 0ICEVER R L2720 TH B, 7 v b
FE5EHWA2-m ) v 7k o RN (5451
T250 m) £ HMAVAT =V TOHADIESDE
ERTo FTY ML OBATOREWETH S S
L, HFAEPEmMmAS10 m DA —VTIRERHLT

WiwnwZ ExRg EEbs,

DRV Y DIIREBON) F 7T A ERERE T 2O
A E OBAL I (lag) OZLICBIETH B, Z O
ZETIE, ENEND A5 — v ORI TR 5 R Bk A
BRoTwhI LR ML T, lag R % o>Tw5s (b
WELTOTF 27 0.5 km, HHE2.0 km, KB#ES L15
km)o JBEFT A I B B O E 35 < RRIZR
BA L0, ZOMEBREREY YTV IHILICHR
—BLTWwawv, ZRgic, —Bmicid, Bz s
AT = VTRLNTNY F 7T 2O % i HZ g
ETERV, 2EZFITHoTH, ffigshizL v
Vi, hHBEZ S — Vo Patch 4TL Y VD E— KA
5 kmiZHho72DAME, STOREEEMDY 2L,
5km THo7zo BEICEZIE, Ly VRIMTFABEED
MBS WHHZRLTWLDOT, LFLHHFMaDE
O A#EAZRT S DT RV, ZOL v I D
PRIZI F I~ 7 affrfoam#Em (5km 5 15km,
Davis et al. 1990b) L FBL72METH 5, - T, b
LBRBENNZENTH 5% H1E, a-— b O
EIILENTSH Y, WA IR TI0 km 55
30 km PUJ5 OFPAIZ AT L, I &— b E2ERT 244
FEDHICEEINTWDLEEZBND, Tk — DK
R CE15 km W) oAb L, /Xy FRRLD
72oo0% 7)) YA 85 9km & L7-DIdE
MTholzbFEiZbNb,

MES

7 a7 IRIRA R ORI LTz, MWHE
AR ERE X TR 2 15T 72 fek iz H
B0 LHLEDSH, TOSMEEIIHEERNZSOT
HHe ZLOWEN 7 u~rarE gt~ 7 afiffh
MRAERE, Thd L) RRISEWIRIBISHA S 5 HM
Bdh b Ex2HEL TS (Matsumoto 1958,
Strasburg 1960, #111969, Davis ef al. 1990b, Boehlert
& Mundy 1994) o HJESRIEAREPEIC DWW TIEIIBRICIE
ROSNLh ol IO~ rafifffilcone, H
SR REIEO G EIZOWTOR— LRSS h
TWe\v, I+ I 7 uOEIRERIZB VT, I3
< 7 UAFAICIZE NS R BT 4 HE S Bk
Wb EDPRENTWDS (Davis et al. 1990b) 2%,
Y FHIZOWTRBEHEDLD S & F 5 (Davis
etal. 1990b) &7V ETWMELNDH S (LW 1969) .
BERED, 2R EBISEVEVBICORGA L, B
EZHRHESEBBLRS 2w ax a0 Ed,
H» 6 1EEO/y FOBHZ I L2 o—>
Thbo SREINRNHPAIZ G T 5O T, ([FHIH
LX9%IT7—it ORFORNDELRZEOMTIHAE
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T2 ETFHOWN) %%, MO 15
Vo F7z, MNOBEEO —HMEAKTFIC SRR %
SRRSO EICL e b,

B & PREMROERE

RO 3k — T+ THERL S 728y F I3 IS
o Tk I N Tz, HFHEME A #IZ 7 ~10 cm
s'(1HBXZ 6km 7 58.6 km) DHE TP,
WOV OPIZEMIERTH2I LMoL TS
(Ebuchi & Hanawa 2001). il & 5z B/z/8y F
BEDEIIELZ ORI L bEHLH, 7uxs
TIEZH#B L3 r HRICIZRLEN cm ICHF - T
HAERO R EMMEITIMAT 225, EIETH LM
WEE L&, 201000 km 672 20 A &3 I
o THERIN TS (Fig 1-1). HFAIdmEEEE
WAL AT 5 E BT, BEEBICL M4 LT
% (Fig 1-3)6 WWol¥H, I EFCcHfMizFE LTE
R TRESIN TS (B 21E, 19974 6 H 12174
fARDOHEf (mean £ SD = 32.2 * 3.4 mm SL) 2
MW CRE I N GES 1999), ik, MEMT
HAHHS, HEMH, Bz HRGRENOBB ORI E L
TWAITH 5, HFAIZLBEAA, NS RHEMDE
KINEEE DT, VAT B P BB & B 2 R L
T, HRBRZEGELERMEABI LTV 0L ib
N5,

WY & EBBAE

DEo#E, %00, v F2EL25HLEL
725, 75 kmBEICH YT VST HONREYTH
%o Ny FEREBNT 2LEXHIE, 30 km UH
MEZBINEHE T 5RETH D, T, 7Sy FLik
DR SN B TEEMEDSE VO T, HIIZE L2040
WA EERELTH YT VI TLRETH D72,
ARWFZE TRV 72 2 BfaH A LTI OSSR
AR L, BN ARELHEET 5121%, —
HoBMEEA AR 7H, S LAEENRULIE
FLL, 97 %ML T 572D BIN A
ETDHONEF L,

FA4E MHRREER

HPE SO MPIERRICB VT, REDOREIIA
ZEIZEL EboTWwbEEZZ SN TWAS (Houde
1987), 7 u~ 7 a3 LI A28 U CHE DT
L2, ruax 7 affAHIcB A R R R
VLWL OO, BB KIRG CEBEER SRR L
OBEIZOWTIEH L 2 Tld R v, 72, 7u~vru

NI B VT, BITHRT AL XPREVT &, HEHE
FEASENT A, WITHWAERRIZO 25005
A TIE 2R\,

ARETIEE M HREDOBED & v kb, @ito
AMEBELRMEEL, WESN 7 o< afrfoR
EEEOWMIEZ MG 5. B2 ux 7 affAailic
BWC, AL XPKREVZE, BEEEFHW &
25, BWARERRIZORDV LD EHLNIT S, I
K, BUEBRETR R L R LA o RO
SR AT - 720

Eat s Rasp-

v bkl Ry MEHOFMIE

BOMfMBIEKOXTHE XN 5D (Somerton &
Kobayashi 1989)

N = Nobs/Pc (4-1)

ZZT, N2 1 HoRMTH SN D EOFREE,
Nobs &7 7 b ¥4 v M CTHRE S NIATFHEE,
Pc 3 REMER, Pc i3k TEREIN S,

Pc = Pe*Pr (4-2)

Z 2T, Peld A v b AKBAER (net entry probability),
Prix A v MEFHESR (net retention probability)o Hi#
3 1- Ay MR (net avoidance probability), &
FHix1- % v FEHIER (net extrusion probability) &
FETH %

NSO ERD HIZIE, AHEE (entry
experiment) #4179, ZOFEETIX, ETHOHREIZD
W BIRIERO A v PRV O LIRE (0 F
) Pen =1.0) 35, INER4-1L4-2121RA L TE
WOFHORE]L (Nd/Nn) 2R 5,

N = Nn/ (Pen*Prn) = Nn/(1.0*Prn) (4-3)
N = Nd/ (Ped"Prd) (4-4)
Nd/Nn = Ped*Prd/Prn (4-5)

Z Z°C, Nn (3K H OREFMFEEE, Pen (3K O A
v b AMERESR, Pro 3RO & v MMEFEER, Nd 138
MW OREFBEE, Ped IZEM O A v b AR, Prd
RO Ry MEFERTH L, B, 2FHORZ
Fid n HEM (night), d 238 M (daytime) #FEL T
Wb,

INSOMERIIFROEBEEZONLDT, RD
OYAT 4 v 7 MBS TIED 7,

Ped=1-1/(1+aexp (-bSL)) (4-6)
Prd=1/(1+cexp (-dSL)) (4-7)
Prn=1/(1+eexp (-1SL)) (4-8)

ZZT, anbiRMEET LT A=Y ThHb,
A (4-5) 12X 4-6) 25 (4-8) ALK T,
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FM L 72ARENOBEDORELIZT 4 v FEE D, 6
DPINT A —FHfiE % AD model builder (Maunder
2004) & W TAT o 7225, M 2 e B2 145 72012,
HEE DMV THATEER 2 T2\, Prd & Pron %
B2 E BRI E BV, B, ZOMFICH
72T, EFRERIFICY Y IV 2R 5 LENH - 7272
B, 20044F & 20054F OFAENEICBNT, Ky THy
F (B440.335 mm £0.100 mm) OFORETHS
N8Rz Hv7z,

BERE, BEROBREREOHKEHNT

H B0 1S S DAH ZEICHARE (um, OR
otolith radius) & BA DK EEE (um day-1, GR;
growth rate, 1 HOFE AR 2555, ZTOX
I T — 7 OWAF I AN E &IN5, RIF%
THW72 OR [T H MBI (B z1E, AR
ZEARTIERICZ>THREV) 2EDLN
(Appendix 4-1) o WEMBHTIIZSARIZICB VT, &
BEFICHCHBMEA RO SN FEE R L2 —#%
HME 7V (Genral linear model, Chambers & Miller
1995, Tanaka et al. 2006) & H\7z. %8B, Tito—
AL E 7OV 3 A Rt AR S X IE R AT N (0, 02)
AT L7z W2 72 5 T3, SAS software (vers.
9.2, SAS Inst., Inc.) ® PROC MIXED % M7z,

A A ZEFGFE O S WERDY X 0 RFES 2 1 1n)
B D) ERHEERIGIFE (REOENEEKI LD
WFET MDD %) O WMEMRT L7202, FL
IR— MO XY HERE LY BiROMEED, HAHFELH
WTORE, MEHRELILEKL, BB K&l
RY . W% original, Eilii% survivor LT 5, &K
WILTIE, KBHNICOWT, XD EToBERH TR X
N7-fE{K % original, X 0 #£DBHFH THRE SN 7-1H
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K% survivor & L CTHIKL7ze ZORKDZDIZ, R
D —BARILE TN % v 72,
Ln[OR[or GR]]=u+ DAH + group + DAH*group + 7%
(4-9)
Z ZCLn i H#AX L group i original %* survivor
Thbo wAMEILERS N 0, o°) ZIE L 72,

78y F @D OR & GR OEWEILIRT 5729012, &K
DETF N = H 72,
Ln[OR[or GR]]1=u+ DAH + patch + DAH*patch + 7

(4-10)
OR BLUGR EBRBEEROMBEZHL 2T 572
DO E T VIIKDOEBY TH 5o
Ln[OR[or GR]]=u+ DAH + /Kiii + B uEERE +
BB + B (4-11)
22T, Kk (C) 1352 5KFEO0m T TOF
il BRI E (Jm-3), AW#EE (ind. L-1), DAH
(5 b# H %L, days after hatch) o S5 % MR 3 %
7292 OR & GR O AU CTAREIR L, Thzn
BEHE Lo (4-11) ROBRMETIVENIL, F iz
W 2288 2 HWC, P =0.050%#ET, 3
AR Z R E T VD ANZ 202l L7z, Th
SO TIEIDAHA A T I ANVERLE L TH-
720 2 1 ix AIC (Akaike s Information Criterion,
(Akaike 1973) & V7= Fi#AAET, 20 L9 1o
72039 HS, AIC /N EL B o 72720 ThH b, (4-11) K
DHAERIE, DAH ZBWCTZREho/$y F 0l
HZEOPEE G272, 28y T, BEFHMOBR
BB D HE, OR & GR @28 v F B D HikiZ Tukey's
HSD test T17 o 720 [H L7%y F12B1} % original &
survivor @ OR & GR D HEIZ t ME TIT - 720 BiBE
ZTRZ 1 HORMZ=%2BWTOR & GRICEZEL2 5.2
b EARE L7zs B8R0 0 B ORI 2 SERA S h

Appendix 4-1. Variances (diagonal, shaded), covariances (lower triangle), and Spearman’s rank correlations
(upp DAH (days after hatch). Rank correlations are significant at the p < 0.05 level, which were listed in bold
face. Otolith radii were transformed to their natural logarithms prior to this anlaysis

otolithradii | DAH4  DAH5 DAH6 DAH7 DAH8 DAH9 DAHIO DAHIl DAHI2 DAHI3 DAHI4 DAHI5 DAHI6 DAHI7 DAHI8 DAHI9 DAH20
DAH4 0.0023 0.83 0.72 0.64 0.57 0.47 0.36 0.36 0.19 0.12 0.02 -0.09 0.09 0.00 0.17 0.31 0.94
DAHS5 0.0016  0.0016 0.89 0.78 0.70 0.57 0.46 0.42 0.29 0.31 0.27 0.22 0.28 -0.01 0.45 0.50 0.89
DAH6 0.0014  0.0015  0.0016 0.91 0.83 0.70 0.59 0.51 0.33 0.26 0.35 0.28 0.25 0.11 0.38 0.43 0.77
DAH7 0.0013  0.0014  0.0015  0.0016 0.93 0.82 0.70 0.62 0.48 0.45 0.40 0.29 0.44 0.32 0.52 0.52 0.77
DAH8 0.0014  0.0014  0.0016  0.0017  0.0019 0.93 0.81 0.70 0.61 0.60 0.51 0.43 0.48 0.27 0.45 0.38 0.54
DAH9 0.0012  0.0012  0.0014  0.0016  0.0019  0.0020 0.93 0.83 0.76 0.69 0.63 0.53 0.42 0.24 0.24 0.14 0.20
DAH10 0.0009  0.0010  0.0012  0.0014  0.0016  0.0019  0.0020 0.94 0.85 0.75 0.56 0.39 0.21 0.14 -0.05 -0.05 0.14
DAHI1 0.0008  0.0008  0.0009 0.0011  0.0012  0.0014  0.0015  0.0016 0.95 0.87 0.71 0.58 0.31 0.11 -0.05 -0.05 0.09
DAHI2 0.0004  0.0005  0.0005  0.0007 0.0009 0.0011 0.0013  0.0014  0.0016 0.98 0.90 0.86 0.60 0.39 0.31 0.29 0.43
DAH13 0.0003  0.0004  0.0003  0.0007  0.0008 0.0009  0.0011 0.0014  0.0017  0.0018 0.96 0.91 0.69 0.52 0.50 0.48 0.60
DAH14 0.0000  0.0003  0.0003  0.0004 0.0005 0.0006  0.0006  0.0007 0.0009 0.0010 0.0012 0.97 0.79 0.76 0.79 0.74 0.71
DAHI15 -0.0001  0.0003  0.0003  0.0003  0.0004 0.0004  0.0004  0.0006 0.0009 0.0011 0.0013 0.0013 0.93 0.90 0.79 0.74 0.71
DAHI16 0.0000  0.0003  0.0003  0.0004  0.0004  0.0003 0.0002  0.0003  0.0004  0.0005  0.0006  0.0007  0.0007 0.96 0.76 0.76 0.77
DAH17 0.0000  0.0002  0.0001  0.0002  0.0002  0.0001 0.0000  0.0001  0.0003  0.0005 0.0006  0.0006 0.0006  0.0006 0.88 0.93 0.89
DAHI8 0.0001  0.0005  0.0003  0.0002  0.0002  0.0001 -0.0002  0.0000 0.0003 0.0005 0.0007  0.0008 0.0008  0.0008  0.0009 0.95 0.89
DAHI9 0.0001  0.0004  0.0002  0.0000  0.0001 0.0000 -0.0002 -0.0001  0.0002 0.0005 0.0007  0.0008 0.0008  0.0008 0.0009  0.0010 0.00
DAH20 0.0005  0.0005  0.0003  0.0002  0.0002  0.0000 -0.0001 0.0001 _ 0.0002  0.0003  0.0003 0.0004  0.0004  0.0004  0.0005  0.0005  0.0004
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5720 B AR EE L 7210424 b 779 k2o v
T 24T o 720 BEFHEAD 2 HULFOBAEDZ <,
WIRTE By F2 %Rl hoTLEI 2D, Tl
NOBERZEZDOWTIIEE L e d o 72 %8B, Patch 7
OBEWH1IHEOEWHENHONG 57272012,
Patch 70388 2 A H O D BN 2> S BRAE L 720

B JEBREEFE 8 (STP: stratification parameter) &7k
FED SRR 2 KB L & —RRIC T 2 DICLE R T 4 v
F—LwEFKEN (Simpson et al. 1979, Lee et al. 2005,
Allain et al. 2007), KEWIFEREDRL D EEL TV
BT eI b, SRENRIKEEE, CTD Bl & D
BHONTZRKEPHKEINO M EFTHOImBEDOT—%
EHWC, MO 74— 1Ty 7a s 7 AR HWTE
L7

A
-~
(=

:] -

N

0.0

Density (no. of individuals 1000m"

3 36 42 48

5.4

Keisuke SATOH

0
STP= %f (p-pz)*g¥*z dz
-H

- i

ZZTC HIZAKE (m), pz 3Kz (m) TOlEK
B, g I ZENIHEE (ms™®)o

Sy

R

v bRkEEE Ry MR
BRTOREMKZ KT 5L, —# (SL 3.67°5
4.2 mm) OEEZRNT, BHOIZ) PAREICLD K
& 1A% 4% L CTw7z (Fig 4-1, Kolmogorov-
Smirnov test, P <0.0001), K> T4 v O HAW

O Day
B Night

6 66 72 78 84 9
)

Standard length (mm

A

10.0 9

Density (no. of individuals 1000m-3)

0.0 -
3 36 42 48

54

O 0100 mm

B 0335mm

6 66 72 78 84 9

Standard length (mm)

Fig. 4-1. Differences of standard length frequencies of (A) sampling time
(day and night) collected by the 2-m ring net and (B) mesh aperture
(0.335mm and 0.100 mm) using the 70 cm bongo net



frfaoxy FHBIRNC X 5 7 a~ 7 a gl A B 127

(0.100 mm &£0.335 mm) OREHEZ KT 5 &,
FIZE—OEREMKEZ R L7, M HECDOL Y
FCRESNZMEDIZ ) ERITABTH 5 72
(KS-test, P =0.03),

EBEOBKOREL (Nd/Nn, Fig4-2 A) #d &
(2, SL 3.4557.0 mm OFREMEROHELE Z 1T - 720 72
72L, SL 3.6~4.2 mm T ERDIFRELD1.0% 48 2
20T, THEBEAL, 70 mm oA T TV ITHo>T
FEEORELH057E R, PHMEE RESRES
DT, TNHIEN D SBI L 720 & v b A#BHEE (Ped)
1ZSL 3.0 mm T1.0CT& - 7228, 4.8 mm TIX0.53& &

BMIZIET L, SL 6.0 mm TH$20.01& % -7z (Fig
42B)o VolE), BED R v MEFHER (Prd, Prn)
&, & HIZSL 3.0 mm T30, SL 6.8 mm Ti1.0& ¥
E3N7: (Fig 4-2 B)o FEM L2 B DOIREIITH L
T, EFNVIEEL 74 v L7 (Fig 4-2A), 735 A
—% ¢ (BH® % v MMrFfES Prd 253 %) LAt
DINTG A= FIZTHANE DT, BFULEEMETDH
LHe#zbN5 (Table 4-1)s TNIZ L ) BB OERE
EFIL, TRTOKRES T TVIZBVWTRWMETSH S
Lo lz, T2, HEOREMEIZSL 4.2 mm T
0.01, 5.4 mm T0.57, 6.6 mm TiXIZIF1.0TH > 7z

® observed

~Cpredicted

(A)

= I

T:J

2 0751

A 054

% 0.259

"_é () L Ll L) L Ll Ll L
(@] 30 34 38 42

50 54 58 62 66 70

Standard length (mm)

A
—

J

0.54

Probability

0.254

0.754
X

=O=Prd
——Pm

— =Ped

0+

LB L L L L L L L L L L L e L e

30 34 38 42 46 50 54 58 62 66 70 74 78
Standard length (mm)

Catch probability

=O=Day

-o-Night

3 34 38 42 46 5 54 58 62 66 7 74 78
Standard length (mm)

Fig. 4-2. (A) Observed and estimated value of catch ratio (day/
night), (B) estimated value of Prd (the probability of net retention
during the day), Prn (the probability of net retention at night)
and Ped (the probability of net entry during the day), and (C)
catch probabilities of day and night by 0.2mm length intervals
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Table 4-1. Estimation of parameters for Ped =1]1/{1
+a exp(-bSL)}], Prd =1/{1+c exp(-dSL)}, and Prn =1/
{1+ e exp(-/fSL)}. Ped is probability of net entry
during the day, Prd is probability of net retention
during the day, and Prn is probability of net
retention at night. SL is larval standard length (mm)

parameter estimate s.e. CVv

a 448 X 10°  5.02x10’ 0.01
b 4.14 0.68 0.16
c 249x10°  6.07 x 10° 2.44
d 4.00 0.06 0.02
e 455%10° 1.06x 10 0.02
f 4.17 0.65 0.16

Table 4-2. Catch probabilities of day
and night by 0.2 mm length intervals

SL (mm) Night Day Day/Night
3.0 0.00 0.00 0.83
3.2 0.00 0.00 0.86
3.4 0.00 0.00 0.88
3.6 0.00 0.00 0.88
3.8 0.00 0.00 0.86
4.0 0.00 0.00 0.84
42 0.01 0.01 0.80
44 0.02 0.01 0.73
46 0.05 0.03 0.61
48 0.10 0.05 0.46
5.0 0.20 0.06 0.29
52 037 0.06 0.17
54 058 0.05 0.09
56 0.76 0.03 0.04
5.8 0.88 0.02 0.02
6.0 094 0.01 0.01
6.2 0.97 0.00 0.00
6.4 0.99 0.00 0.00
6.6 1.00 0.00 0.00
6.8 1.00 0.00 0.00
7.0 1.00 0.00 0.00
7.2 1.00 0.00 0.00
74 1.00 0.00 0.00
7.6 1.00 0.00 0.00
7.8 1.00 0.00 0.00
8.0 1.00 0.00 0.00

(Table 4-2, Fig 4-2 C)o Z OFEMRIL, &M SL
4.2 mm DAY 1EARERE S, FEBIZ100M8 &
BT HIEEZRLTWAS, BROWERIZSL 3.8
mm T0.89% 7k L72%%, ZJRL, SL 5.0 mm T0.29,
SL 6.0 mm PUFEIZIEIZ0 TH o 720

EHFFOREERDOEE)

i, BERERREE L BRI ZE L EN OB
HFIZ—EBRWTHRICEIL L 2 h o7 (Tukey s
HSD test, P > 0.05) —#k & 1%, Patch 40 &% D 2 H
BT, JKil & BUFREEFREOSHT H £ T L HRTHEIS
ZALL 722 &, Patch 83D %D 1 HASZN T TL N
HEPBHEZETH L (Fig 4-3). 7%y F R THIEL
T5E, KilZOWTIR/ Sy FHICIIAEEED?D D,
$FIZ Patch 20 KiRIEH BT <, Patch 8DKIRIZHA
BT E A o 72 (Table 4-3, Appendix 4-2, Tukey s
HSD test, P < 0.05) BEMETELIZ Patch 1205 3
DWEWEZRL, B oy FIEWEZ R L7z,
Patch 8O W E 13 Patch 22 B &TH/Xy F LD
bHEBEIZEWHEEZ R L7 WolE9H, Patch 3T
Patch 1% BT/ F X0 A B ITEKWEY
BETHo72. BT HE, Patch 213d - & b EK
i, dolbBHVEWERELRL, (FAOREICHEF
BEETHH-72EEZOND, WolEH Patch 213D
- & KR, Patch 31dd - & EWEEMKL, i+
BORBEIZIANLEE CTH- 72 FE 2 bNb,

BRBEE A T O A B 25T % 144D BL A D W THT -
72 A, EWEIEL STP OMIZIZAE R VEOH
235 572 (Spearman’ s correlation coefficient, r
=-0.2428), F 7z, Kiit& STP OMIZIZHE RV IE
OHEIE S N7z (r = 0.2439) 0 K& EWHEE DM
WHEBEMBEEIEON D)o 7,

KELEY A I ERVERREE

DAH7DRETIZ X D K E i, XD RRORET
LIFfSEWERFERT LB, TO0O&ETO
Ny FOH LM O T — % % 7=V LTI %
&, original & survivor ® OR & GR (2136 & 7 18 \»
& o 7z (Table 4-4; group x DAH, OR; F ;7 1o =
7.920, P < 0.0001, GR; F (; 5= 6.950, P < 0.0001)
- TH U DAH TL ) RE %M, L DEEHED
AP LR T VWE VR 5,

ETNENDONRYy FTOEE L IR — IOV,
original & survivor ® OR & GR O Lg% Z L Z 1 Fig
4-4t Fig 4-512/R L7z Patch 99 OR Tix, DAH 9
Tl original & survivor DWW 7S IZKR & REWIT A S
N7Z2wAs, DAHI0E DAHIITIE survivor Dl AYK &
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28
=
> *
=
£ 26 - "
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*
=
g
g # 1 II
01201012_30123456? 20120123
patch 1 patch 2 patch 3 patch 4 patch 7 patch 8 patch 9
300 *
= *
,5200
[—.
01201012.30123456?01 112]011]2]3
patch 1  |patch 2 patch 3 patch 4 patch 7 patch 8 patch 9
20
Lo
- 15 1
-E
& 10
g 4
3
) I 1 i i”'
il
01

2(o0/1]0l1/2]3 4 ?01201201
patch 1 |patch 2 patch 3 patch 4 patch 7 patch & patch 9

Fig. 4-3. Daily changes of mean [+2SE] of sea temperature (C ; upper panel),
STP stratification parameter (] m™ middle panel) and food density (density of
copepods and copepod nauplii (number L) lower panel) during each tracking.
The indicated asterisk shows significant (Tukey HSD test, P < 0.05) higher value
compared with other tracking days of each tracking

Table 4-3. Average value (2% SE) of sea temperature (C), STP (stratification
parameter, Jm™), food density (number L'of small copepods and copepod
nauplii) and larval density for each tracking day

sea 4 food density (number
Patch femperature STP (J m™) L

1 26.2 (0.12) 187 (3.58) 3.10 (0.87)
2 22.9(0.13) 196 (5.62) 6.25 (1.34)
3 25.9(0.10) 206 (9.83) 1.42 (0.26)
4 25.6 (0.12) 145 (6.14) 3.08 (0.45)
7 24.8 (0.12) 133 (4.06) 4.68 (1.56)
8 27.1(0.13) 151 (6.37) 11.5(2.24)
9 24.4 (0.09) 129 (4.60) 2.93 (0.65)
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Appendix 4-2. Results of multiple comparison for environmental
conditions among patch. temp: sea temperature (C),
STP:stratification parameter (J m®), food: density of copepods and

copepodnauplii (number L.

nauplii (number L™).

temp patch 1 patch2 patch3 patch4 patch7 patch8
patch 2 0.0001

patch 3 0.0428  0.0001

patch 4 0.0001  0.0001  0.0002

patch 7 0.0001  0.0001  0.0001  0.0001

patch 8 0.0001  0.0001 0.0001 0.0001  0.0001

patch 9 0.0001  0.0001 0.0001 0.0001 0.0236  0.0001
STP patch 1 patch2 patch3 patch4 patch7 patch8
patch 2 0.9544

patch 3 0.1178  0.9530

patch 4 0.0001  0.0001  0.0001

patch 7 0.0001  0.0001 0.0001 0.2669

patch 8 0.0001  0.0001 0.0001 0.8238 0.0712

patch 9 0.0001  0.0001  0.0001 0.0044 0.9857 0.0021
food patch 1 patch2 patch3 patch4 patch7 patch§
patch 2 0.0064

patch 3 0.0001  0.0001

patch 4 1.0000  0.0008  0.0001

patch 7 0.3191 0.7342  0.0001  0.1327

patch 8 0.0001 0.1182 0.0001 0.0001  0.0003

patch 9 0.9999 0.0021 0.0001 1.0000 0.1740  0.0001

Table 4-4. Effects of group (original and survivor) of each tacking
experiment on OR (otolith radius) and GR (otolith daily increment rate).
Numdf is the numerator degrees of freedom for F. Dendf is the denominator
degrees of freedom for F. Group and DAH (days after hatch) are treated as a
categorical variable.

depe'ndent explanatory variable numdf dendf F p
variable

DAH 7 718 1152 <.0001

OR group 1 704 11.60  0.0007
group*DAH 7 710 7.920  <.0001

DAH 7 857 128.77  <.0001

GR group 1 887 15.50 <0001
group*DAH 7 863 6.950  <.0001
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40 patch 1  ®Original OSurvivor 20 patch 7

n=25,58 n=9,66 n=26,40
30 n=17,83
£20 €10
g g
10
0 0
8 9 5 6
30 | patch?2 50 | patch8 -39
n=18,3
40
20
_ ~30
g £
2 S
20
g10 g
10
0 0
9 11
30 | patch3 50 | patch 9
n=13,10
40 o
. n=9,21 n=2,2 =323
. n=15,30 ~30
£ £
2 2
20
g0 g
10
0 0
5 6 9 10 11
40 patch 4 heso
n=25,14
30 %%
g n=14,39
2 n=10,53
% 20 n=10,63 *
© n=373
n=26,76
) ﬂ ﬂ ﬂ
0
4 5 6 7 8 9 10
DAH

Fig. 4-4. Mean [+2SE] of OR (otolith radius; um) of larvae in each
patch by DAH and by tracking day for dominant cohort of each
patch. Significant differences of OR at the same DAH between
original and survivor are identified with asterisks (*; P < 0.05, ™
P <0.01, ™ P <0.001). Numbers of specimen are shown in each
panel. The tracking day is the day on which the larva was
collected of each tracking session. The original larvae are
specimen collected on earlier tracking days in the same cohort,
and the survivor larvae are specimen collected on later tracking
days in the same cohort.
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Fig. 4-5. Mean [+2SE] of GR (otolith increment width; um day™)
of larvae in each patch by DAH and by tracking day for
dominant cohort of each patch. Significant differences of GR at
the same DAH between original and survivor are identified with
asterisks (; P < 0.05, ™ P < 0.01, ™ P < 0.001). Numbers of
specimen are same in Figure 3. The tracking day is the day on
which the larva was collected of each tracking session. The
original larvae are specimen collected on earlier tracking days in
the same cohort, and the survivor larvae are specimen collected
on later tracking days in the same cohort.

{, DAHIITOEVNIHFETH -7 (t=-3.29, P <
0.01)s GR OILiRIZH - L B 2R %72 L, DAHL0
LK, BhEWEIRLZ, TN DO original &
survivor ® OR & GR OHEEIZENENI8L17TTH
5o ZOEKED D B, survivor LV KERMEERL
7o HEH OB G L, 2 ENT2% (13/18), 71% (12/17)
THo7o OREGROIKEHDLET, LhAHE

(DAH 4-6) & X )iy (DAH 7-11) TR 5 &,
survivor 27& D K& Ml (OR & GR) %7~ L7z Hlcsk
DOEAEIZ, XD EEITH4% (7/13), £ 0 B T82%
(18/22) THh o726 ELIZGRIZOWTIE, DAH 7L
B 12 survivor A3/ & WAl % 7R L 72 @ 1 Patch 49
DAH 100ATH o720 INHDOZ ENE, T LD
BREVWIELNI DI TR D o724, survivor
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1% original \2ERT, ZOORIFX D KEL, GRIZ &
D FANEH SR S N7z,

Original & survivor # /%y F T3 5 &, #Hi
ARSIz MU DAH THIRLT, HbH/%y
F @ survivor ® ORIZLF L D, HD/%y F @ original
DB REVDIFTIE Loz, 728 21F, Patch 90
DAHI11® survivor ® OR 1336.1um T& - 72 75,
Patch 8D U DAH @ original ® OR 1237.1um T
572 2D & 9 % original & survivor 3%y [ T
T ABHBIEGRICOVWT AN, 2k 213,
patchl® 2 ® DAHITH 5,

OR 3 &1 GR EIRBEER DR

ENEND DAHIZBITF A%y T OR & GR IZ
XA E % E WA A S N 2 (Table 4-5, Fig 4-6;
patch*®DAH, OR: Fy 100= 3.350, P < 0.0001, GR:
P o= 2.610, P < 0.0001)s b - & b KR AE
Patch 200 DAH 9® OR & GR {2 Patch 1, 4, 8B &
CIOXDAEBINEL, FBEro7 Dol bk
WS <, BEWHEDE W Patch 8O FE 2 ak— b
T&H % DAH 1112B1F% OR I HEWTRER I A D 4T
D%y F (Patchl, 2, 4BLU9) XY LHEICK
EMolze TOEEDGRIE Patch 20 GR & ) HEIZ
KEMD o572 (Tukey's HSD test, P < 0.05), ZhHD
L5, OR & GROEWIE, 7Sy FRIOBRBEEK

Table 4-5. Difference of OR (otolith radius) and GR (otolith daily increment
rate) among patch. Numdf is the numerator degrees of freedom for F. Dendf
is the denominator degrees of freedom for F. DAH (days after hatch) is

treated as categorical variable.

depe.ndent explanatory variable numdf dendf F p
variable
DAH 14 1949 733 <.0001
OR patch 6 1654 13.23 <.0001
patch*DAH 49 1939 3.350 <.0001
DAH 12 2201 10.49 <.0001
GR patch 6 1895 6.27  <.0001
patch*DAH 44 2069 2.610 <.0001
120 ---patch 1 9
...... patch 2 Patch 8
—o—patch 3 (highest sea temperature
—o—patch 4 and food density)
90 ——patch 7
—patch 8 =6
- —e—patch 9 z
E_ Patch 8 <
g 60 g
&
O3 N L e
o g T
Patch 2
Patch 2 (lowest sea temperature)
0 0

4 56 7 8 91011121314151617 18
DAH

5 6 7 8 9 1011 12 13 14 15 16 17
DAH

Fig. 4-6. Comparison of OR (upper; otolith radius; um) and GR (lower; daily otolith increment width;

um day ') among the patches
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DA FEZE (Table 4-3) Z WL CWwWhb EEZ bR
b

Kt BEWEEIX, ORE GRICHLTHERERIED
WHBER L7 STPIZOR TOAEERIEDWELRR
L 7z (Table 4-6) . #HiAZHOMHREIT Appendix 4-3
IR L7z 2T XY HBKI, STP, fFEE L5 2
X, BRI OR, GR % HilZ L \IZEHRE k%, 72
&z, Patch 20BRBEZEH (OKii22.9 C, STP 196
Jm™ EWHEEE 6.25 number L) Tld DAH 7C® Ln
(OR) 132.833 (= 3.443 + 0.0387*22.9 + 0.0006640*196
+0.009237°6.25 - 1.618) £ sk 5N %, %3, Ln(OR)
EHARNETERL/7Z0R THbH, ZOMEIFEEARE
(SL) Ti34.5mm TH 5, T, E#EAE - BAE
B#R (SL = 2.658 * Ln (OR)-3.058, R* = 0.881, n=
1042) % VTR L 72,

%

FARAZEDHEDLEM

B DORER R OB v, % v kv X
TWBZLEERLTWS, ¥72, 7927 M4y b
DHEVIZ I B2HREMKOE N EELRENTH- 72
DT, Ay MEBLERETVWDLEEZLNL, £V b
B H 2T 5 & v ) BERAZ2S, 0.335 mm @O H
BVEAREAMM OFHAPRITELEEEZIZL VD
T, FEBHICIE, WE L AROBMTHRAROBIEIZ L -

Keisuke SATOH

TNMIDHAABEIZ L VOB Lz v, Thbns
EWND, FRIFEFEIZ Ay Pkl £y MRHEE
BLTHIET 2LERH L ERTmIOTONE, K
THWATHCEE ISR S 2 WR Y, v MkiEs
2y MR EWHIELFREETH D,

IS IR FAOBRRELIZ0.27E ST
BY (Davis ef al. 1991), ARWFETH S N7-BRERE
o032 H A L T v b, Somerton &
Kobayashi (1989) (& AMERERICBWT, B b8y F
Mo TN ERGAL, BRRELL, RENOR
HHEFOREDOBIFLEL FARL I 2R L TV
25, ARWFETII Ny FOBPIIKII LIz E2 b5
DT, ZOMMET) DICHEY RS Y TNV THoTz &
Wz b,

F72, BROWELOFEWE L, E7 NV OHEEMIZ
BL—H L7 IN6OEDNL, 150N REMEI
BHTEZ2LEZONL, LELENS, BHOAN
e (Ped) 2MEEOWME & HICEABUIT T AL HH
XAh DL, KHOAMMESR (Pen) &%, EOKREDT
TYTH1.0E LARZBIEEIZL TR wrd Lk
Ve B L, BRI A Y PREIEE CwIUE, RED
NS MR L D DEREORNE RIAEROEEL X 0 @/
FHIliT 2 MICRWET H2LEND 5,

OR 5 LU GR LIREBEER DR
BEZENEINy FRTRELELDW, 2200

Table 4-6. Growth models. Effects of explanatory variables on OR (otolith
radius) and GR (otolith daily increment rate). Numdf is the numerator
degrees of freedom for F. Numdf is the numerator degrees of freedom for F.
Dendf is the denominator degrees of freedom for F. DAH (days after hatch)
is treated as categorical variable. In order to assess the effect of track_day is

the collected day of each tracking.

depe‘ndent expla@tow oumdf  dendf P partial re ge5510n
variable variable coeeficient
DAH 16 1659 2428 <.0001
OR temp 1 776 47.60  <.0001 0.03587
STP 1 776 19.98  <.0001 0.0006640
food 1 776 11.66  0.0007 0.009237
GR DAH 15 1382 77.52 <.0001
. temp 1 744 27.40 <.0001
(iniial model) STP 1 744 2220  0.1366
food 1 744  6.150 0.0134
GR DAH 15 1382 82.01 <.0001
(final model) temp 1 745 37.11 <.0001 0.06886
food 1 745  4.800 0.02880 0.01295
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Appendix 4-3. Estimate coefficeent of each variable for
natural log transformed OR (otolithradius) growth model
(upper), and natural log transformed GR (gorowth rate of
otolithincrement) growth model (lower) for Pacific bluefin
tuna larvae. DAH (days after hatch) istreated as
categorical variable; temp: sea temperature (C) ; food:
density of copepods andcopepod nauplii (number L™); STP:
stratification parameter (J m™). Using these estimates
ofcoefficient we can estimate natural log transformed (Ln)
GR and OR for each DAH. Undera circumstance
environmental condition (e.g. for patch 2, temperature;
22.9 C, STP: 196(Jm™) and food density; 6.25 (number L)
which resulted in the mean Ln (OR) for DAH 7 is 2.833
(=3.443 + 0.03587*22.9 + 0.0006640*196 + 0.009237*6.25 -
1.618), which isconverted in SL 4.5 mm according to the
SL-OR relationship (SL = 2.658 * Ln (OR) - 3.058(r" =
0.881, n = 1042)).

OR
Effect DAH Estimate StdErr DF tValue Probt

Intercept 3.443 0.1399 776 24.61 <0.0001
temp 0.03587 0.00520 776 6.900 <0.0001
STP 0.0006640| 0.0001490 776 4.470 <0.0001
DAH 4 -2.197 0.03664 1659 -59.96 <0.0001
DAH 5 -1.980 0.03661 1659 -54.08 <0.0001
DAH 6 -1.794 0.03659 1659 -49.03 <0.0001
DAH 7 -1.618 0.03658 1659 -44.23 <0.0001
DAH 8 -1.440 0.03659 1659 -39.36 <0.0001
DAH 9 -1.257 0.03661 1659 -34.34 <0.0001
DAH 10 -1.088 0.03664 1659 -29.70 <0.0001
DAH 11 -0.9457 0.03672 1659 -25.75 <0.0001
DAH 12 -0.8135 0.03692 1659 -22.03 <0.0001
DAH 13 -0.7116 0.03739 1659 -19.03 <0.0001
DAH 14 -0.5787 0.03813 1659 -15.18 <0.0001
DAH 15 -0.4676 0.03872 1659 -12.08 <0.0001
DAH 16 -0.3506 0.03821 1659 -9.180 <0.0001
DAH 17 -0.2493 0.03661 1659 -6.810 <0.0001
DAH 18 -0.1742 0.02884 1659 -6.040 <0.0001
DAH 19 -0.0879 0.02014 1659 -4.360 <0.0001
DAH 20 0.000

food 0.009237| 0.002705 776 3.410 0.0007
GR

Effect DAH Estimate StdErr DF tValue Probt

Intercept 0.1030 0.3265 745 0.3200 0.7526
temp 0.06886 0.01130 745 6.090 <0.0001
DAH -1.065 0.1200 1382 -8.870 <0.0001
DAH 6 -1.015 0.1200 1382 -8.460 <0.0001
DAH 7 -0.8807 0.1201 1382 -7.330 <0.0001
DAH 8 -0.6712 0.1203 1382 -5.580 <0.0001
DAH 9 -0.5058 0.1204 1382 -4.200 <0.0001
DAH 10 -0.4226 0.1208 1382 -3.500 0.0005
DAH 11 -0.4214 0.1218 1382 -3.460 0.0006
DAH 12 -0.3749 0.1245 1382 -3.010 0.0026
DAH 13 -0.4703 0.1305 1382 -3.600 0.0003
DAH 14 -0.1600 0.1388 1382 -1.150 0.2490
DAH 15 -0.2588 0.1501 1382 -1.720 0.0850
DAH 16 -0.1091 0.1589 1382 -0.690 0.4925
DAH 17 -0.0287 0.1698 1382 -0.170 0.8656
DAH 18 -0.2502 0.1701 1382 -1.470 0.1416
DAH 19 -0.1343 0.1297 1382 -1.040 0.3006
DAH 20 0.0000

food 0.01295] 0.005911 745 2.190 0.02880
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STP Z V—7 (Bl &R E) 2% - 720 KilkiZ23
TH5H28 CETHBIN SN, ZOEIZHEEEMNO 7 0
<~ 7 0O OEKEKEOHPFZ HN— L Twb,
£EWHEEIX10 (individual L) X DRV EAITE A
EC, ZHUEEEHR (Taniguch 1977) & HEBIL Ml T
Hbo WHoT, BONEREENOT— 713, BIE%
HWEFROREOBRE RS 2 HMIZEY TH 5 &
Wz b

BOREREEROFT— % ZHW/2GLM IZ X h
i, BWEES 7 o s a oAl oREICE 25
WEENRHDHZEDRENT, TOZkiZ7u~ s aff
DS RIRIEI CHUERIED RN Z L 2 RIB L, 2 OfF
M HE B CEE ST 5 (Tanaka et al. 2008) .
D) BIRERAFRIIN T 2 EMEEORLEIL, #
B HEERR KIRHR T H AT o 5 I e fE U T A
SNDR, FEMOFEH D 6 RKEE THEIrO SN
Z 2137 (Houde 2009), AWIZECTHON, &
WHEEORENORE, FAPEBICHINL TV
BEEER A ORISR Z 2 2 LSSk 2 L 2 RET 5
DOTHY, 7%y TN EREER L EYOIRE LD
MREESZADICHLIFETH LI L2 EKRT %,
I F I a s b RO S ARG DA AE
T5Z ERHEEINTWS DT (Jenkins ef al. 1991),
A O RN BT 2 EWEEAN OB 2 Oty
W7 a2 oM Thr LEZONL, Ml
EHIEDPD T CABICHARNEENP W) 7T,
BRI LTHEIREZIT) 2B neEL N5
DT, HFRL7Sy FIRIZGAHALRL T %D, TOREGY
ARV OBRREICBIT 2 BEYHREOEREL L b 72
LLTWBHDONIE LNk,

fE L Twa 7 a~x 7 afdlaoEilikinz3ts» s
DOEFIZE>THIESRZ SN FHS 2006), 70~
70 O I RMKRE6CEICE L 5T 52 &P
5, 7ux7u@iEiiIEEKERE M) =R E T
Wi EEZLNL, AIFZETIX, BEFHICKIZAE
CEBL 2o 70T, FHIN ARSI H D L LTH,
T AREBR S % AR IR S 72 TR O KR 2SR — A
Wb EEZBN5, KEPHAOKEICHERIED
W o722 bk, ZOMEINOKIBRANEIZ B L
TWb7E59, Sz ZNE, FHROBREDRR
FNLHLCTHEINNfTTbNTVWDLEEZ BN D,
STPIZORICOAH R EELI2OTHR L Lo
720 13D 2 O DOERBEERA & STP ORMIHE S 5 2
EDER2D LN WA, GR TSTP B ERpE%
R2WHEAIZ IS o200, LD EWSTP, T4
D HEREMIC X 1 58 < AREEDHUE LT %R A OR
WIEDEEEZ L7255 &1l o7z, MGG ERIC

BUs7uxr7uEE RN THL 5505 6 Hit
IR KR LA, BERENEET 5. BE
JEDKEIFE0 m IEL, 7 v~ 7 e fudiREEIco
K534 F % (Satoh 2010) . RAEBMNITIEAIZ 7 O~
FUFHRORRICHEY RERTHLDEH 9 . KHED
SR ENEE, Z ux AR A BN
THZERHHRTLHDOT, STP B EICIEOHEEL L
b3 EEZOLNL,

BREER & A OKEICET 5 GLM O#E R % v
X, Patch 22 8 OERBEIEIN % 5. 2 72354 (Table
4-3), 7a< 7 afffiz SL 6.0 mm ¥ THRET LD
DAH 11, DAH102*2*5% L #fiE S5 (Appendix 4-3
D) 7 a< 7 ufffil & 5 TSL 6.0 mm I3 H
Bt (gastric gland) RRHIMIE (pyloric caeca) A35EiE
L, A IS 5 #0559 (Kaji et al. 1996) .
B ORI EDL DL Z L EARICIHEE D S & Bb
N5 (Bl Z1E Tanaka et al. 2006), 7 0~ 7 afffaa
F— POWFERITRE L IESDL (0.06 - 2.75 day-1;
Satoh et al. 2008) O T, KEDS1 HBEN/ZHE O LK
NOFEBEM B IWEREEZE L2 TEebhk
Vo L) Tho7zb LTHRBERDENIZL - TH
726 INEED 1 HoREL, MR WHaD
B BB LoD 20T, HRICADKEND S
ZLIIWHTH %,

FRADERICHBTIARZLFE T A I ERVEERED
-7

¥ { OBIGEFEICBIT A28, (T o A5
DL D) BV RS & K& 7% size-at-age ZRT 2 &
ZELTWAS (724 21X, Meekan & Fortier 1996,
Hare & Cowen 1997, Nielson & Munk 2004,
Sponaugle et al. 2010)s L2 L&A 5, flHFEBHRP—
O RIKMEIBNZ BT 2 AR R LT, HERFED
WEZTITHLTIE, XY RERFADIETD 2D AT
BELVHESNP TV EPASLNTYS (Litvak &
Leggett 1992, Pepin et al. 1992, Takasuka et al.
2003, 2004) . AWfFECIE 7 u~ 7 affFAICEHL T, &
To/8y FTRELRELALE(OR) &R #E (GR)
EIRITHFAIEIEEEENG P EEZ DN,
DHA7LARED RN > S 4R 4 EIGEFE (S
RS X D IFET MDD 5) & R H BRI FE
R DENMEERD LD WFES 2 MI03H %) A5
N, H#2ELITHE- T, ZomssL » HBICZ: -
720 Zu= I BNT, ZoRM»S, B
WENEEERE O TEEZ BN,

Original & survivor ® OR IZDW Ty F [ TLEE
ThHE, 3Dy FOoriginal DOR L0, HBHN
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v F O survivor B/hE W EDH 572, T, b
DEFEEEEEBROBRIZKLTWS L)AL D,
COFEHE OB OO EDIZ, Sy FEROWHEZ D
FHEREOENRROENDZET SN L 9 . Patch 8D
BJEASPatch 9Kk D b EiFiuE, XD/ hELHES
Wb Z A EEZ Patch 99 survivor @ OR 2% Patch
8Moriginal X ) /NS BB I Y ) B, KA
% 2 LA ICB W T EEoBHRIEAE s Tw
W, S 51T, BAEEE Ik — MRNIKRD, HREL
BT, X0 ERN2RE & AFROBRH S H
X% b, €HITEDH->TDH, RHEENEEEEZD 2L
THREETONy FTRETWZ LIEIHLATH
%o 707 0TI O R R EAKR & KD
MASE 2B DTH LB, FRITHAINI BT 25
WAL, FREMABMOETEL ) HBALN
(Tanaka et al., 2006), ZARHFFETHA 57z survivor &
original ®/% v FHOWERLX, BEENIEEKE D72
LR EMAE ST LD, HYEIHPFADENE N
A5

L )

yu<7udiiERof 7 8% HARNS S, il
DELEBHIKREV, HHEDE IZRLATH B720,
RO R DSATDOMALB OB EZ 2T T <,
a7 OOMARIBEICL>TELZ 60510058
BBHIEVPHMONT WS, TDd, AHEOMAZD)
PREZI7E 9 5 2 &1, BWABEIIC D BRI
WEMHT A ETOEETH D, £ OWEMIHICS
WA DAEZEE) % P DU BRI S T 5
MA T TORM EE 2 515, 1A DEZE B
T AR RVELZ RS, £ ORHEIRE S
N, MEEAHR D KRS TE 2o ZOBBETREIH-
T&221%, MAZHE—D2D X H = A LRERT
RF S TEBSTHIENELZBEL T, £ OEHED
LD LWL THD, TOEMIE, FEIZL-
THEZY, MUMBTHEICI->TELZY, MLETH
FEIRA XY FTEIZR L L2000 Lhkv, 7ux s
T DO FETI A S HIA T TOMY AT LIZBIT 5K
EE, Wk B L OHERICOWTOMRIEBE I TH Y,
EEENEHE I ETIMAROEE X = AL, (3
LAEDR o T, JERIEWEREE (EWEREE,
MRS, WM OKR, KK) ~No&L, €0k
B, ERLUBEAREZ L LD T2 00, ZOFEHD
AR E 5. AWFZETIE, Sy F 28805 5,
2y FIFEEMEN S FEE2 R L7z, dfmIcHB
AW ARBRE L, FIRFICAWNEIN, PR BEE e

T5ZET, L) HRLBEEER EATFROE - A%
EDOHROBIESHFRFTE 205 TH S,

R X\E, 7 a7 uojn NEERE O BF % R
572002, MGERIEHEICBWT, 7 ax s afFfos
v FERBHT L FEEHCT, Ry FOREEAKLE
BEEROEEZHONITELDTH L, H28T
Xy FMROFEOZYYE, ThbL, suxso
%y FOFER LB REICOW TR Uiz 5
3ETIX, HFaMo% L HMERAIERL, @Y%
BRAEPH B X O & PR oM A BRI BT 5 1%
Hxigam Lz, Ha4mTid, MBEGEICBLT, K
ROBRBWMAZERS Do TWEEEZLND
DT, WELAEBIZOWTHL LB,

Ny FRREBET A D/Ny FBEEED
20044F % 520084E D 5 H, 6 HIZBWT, BH#S
MTT7O0%y F%2BY 71 TR L, BIH28E: M A
LIRFEITINGR, JBHR L 720 NS D%y FITIEFERE
(& T TIRR L 720 dBER L 727 DD %y F 133
F CITFEH52M (6 22580m) DT Ty My b
Wi 2L 72

B O T 4 OFE, §Ed &, ADCP (Acoustic
Doppler Current Profiler) THEUM L7230, i,
— ¥ (Patch 4T 7 A OWHSIA DR RN Z T\ T
W5) ZBEWT, BIEFRUSAE R L7z, BT A I
REOFENE L LZTWZE Wb, DL, A
DI ZHIN > THE S TwiuE, 71 &8
WS T A R THEENICIRET S22 LT, [
L8y Fh O AANRETE 5, FBRIC, Bdhicy
0= 7 AT ORER R O R E — MR HMI8m
L7z (0.2~0.9 mm day o B, HAERSENT S
fonizz a~ 7 uffail o REE120.25% 50.85
mm day 'THh Y, hET— F2oH#E L RERE &
FIF K L7 LA T, FRIZZENICHIH®R S
TBY, —i (FROFENL T 4D 57 Patch
SOEH 2 HH) 2K &, &TH/ 8y FOBHIIHD)
L, M8y F25#kELCrav 7 afffzifkET
X2l wi b,

X, SmERE

28y F B O L) 7 BUAEEE, BT L & e
HHWT, Ny FORFENLZRESE, M BH
m~ 1km) 25 HHEL (~20 km W) A7 =T
EDF LD Ny FiIIEHEOa s - (FUHIKHKE
L7584 8) THEEINL TV, N+ T T4
(variogram) 7% T, H-#50Ai 22 [ HEG 2 3038 L
72NV F T FTLDINTGA—=FD—DTHLHL VY (]
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R OAF B OM B < 72 2 Wil T, AWfZET
328y FORFMRKRE SOREE L) dBHTic
HREICELE T, DAHEATOARIZELL 2
o7z WRIFGIZIZ15 km P FREOHPAIZ Sy F 3L
A0, Ll L EANS 1EMREZ BXIhT
WBEH DSy FOEMBEEIZENTH o7z H R
bN7zo BREMTHo7z1E, FFll e KEOMIEZF 0
EZOMER BRI E) LV ERTLH00,
15 km WHREOHPE Tk LTEL T 2L
bhwnwZeEz b5,

7 a7 ROSESfIZOWTIE, HER OK
W50m FT)DLY FEICOAY v FalfMidsdh
L., W2 HESERESMEIIRE ol Ny F%
RER S 2 AT M AL, B SR 38002 50 Al 3 B v BUBE (1
££100%* 5500 km) DWNIHE- T, & HITHEI N
HEEZ LN, ZOMMIEIHHEE @ - Y L
(1H»72Y 8km ) L, 20) bonOhidE
WAV S A5 D 5o PEIR R & 1000 km dL 512
BIETAMABIZEMCE>TY v 7 ENTWw5b, L
Ers, RoFrbszsE L7205, 75 km BXI2Y
TNV TTEDONEETHA ). Ny F e B
T LLERHIUE, 30 km UL FEEE & BINHIPH & 3 %
RETH D, T2, RWFETH 2 ZZRIFE AT
TIPS OS5 B 2 fim L, B o7 M
AHETHITE, —HOBAIZAREDL TR, b
LAEENDEAREF L, 97%A—L 3572012
BT — B LT HODLFE L,

MR ER & &%

7 0= 7 U AU TR R ASHBC 2 2 5 T
W/eDT, Fy MEENREETWEWR S, T2,
T2 b Ay POV L B EREMBED AER
HWWERLZZOT, 2y MERIBELRETVWS
EEZLNDL, TNHDOZ NS, FRREEREIZA
v ke 2oy MRMAZE L THIIET 2 LEPH 5,
BREZERIZ Ny FRITRE LIS DWW, KIIZFHE
o 7 v~ 7 u oI O R KIROHPH % 4N
—LTwb, EWEEIMEREEMULMETH 72,
Weo T, BRIEN L FAOREDOHREIRT 2 HM
12, HONLREENOF—7 13wz b, Th
507 —% %W T 72 GLM (— e 7 v) %
FrZ &y, fFaolE (Hafte (OR), HADpE#
JE (GR)) LK, WREsREERE Ok L ool
Ta7 7 AV HELNL, KR —BRICT AT AL
F—T, REVIZEKEORED ), EWEEE O
BfR 2 R L7z Kl EWH X OR, GRISH LT
EOFEERSEEREL, STPIZORICH L TOARIED

RN D o720 O CTRONZRERE VL
ZA, SL6.0mm FTHETAZHBICHEAICL-TI
HOE WA U S REVEATRIR S iz BREEEIN &
WIZE-THHENEED 1 HoRENE, il
BT EL B Z IO HDT, HIKRICA
DEEBNHDENZ D,

ETONRY FTREGEAFEE RO REREE LIRS
AU E R RE o 2 8 E 2 SNz, DHATUIRE
DR NREH D S R 4 ZRPURFE VD S WKL D
BEET MDD 5) LRI (REOE
WRRAS X D BT 2 I H %) DA SN, Hiads
HELIHE- T, TOMMA L YV WAKIC R > TE 2 7
o i AicB W T, FoRMrs, EERED
EAREL LT EEZOND,

B O

RIFFEDE ) FLDIIH720, KIEBY T E 4R TR
WL THMAZBY, S 5ICKRLE KBV
FALRZFERFBERFIZER IR B0 X 3
CIEHHPL R 5,

FALRZFRFBERAITER  mE R dZ, HilsiE
EHEBIZIIE, R TREW72< L LI, 4
DTIE, HRETHS V0T, ELEER L
R 5. [ A RS dERIZ, GHEEE BT,
KD E N T LOIH2oT, HALZIHS, ZH
NenizZniz, LX) BILH L LT A,

AWFFEOFHH & FERNCH 720, EBEKEE G IRIFZET
(UWFo PR EERFZERT) AT R AL O /INEF H S A
£ (2004~20074F), SR H¥EME (20084E) 3 X UMRHE
DI % DI b THIEE THE B W2V, K
L k%, ViR KBERTZERT O H A1y, 5
AN LB SCEICH 2, 2L DTS L THR%E
Wholzo TTITRLT, WEKHH L RIF5, gk
FERFZEIT ORREME = 1 12 XA AT~ DO B %2\ 72
72, WSS, R (A A S
W72 L L BIT, FSCHEEIC B 7z o TUEMEEICEY
FTELELDIYME T30, WEEHT 5, FRE
KGRI ZERT O EE TR, SARRESEL, =3
MRl L, AL AW, NE AR, A I,
P& R, g B 1120, BFZED B T & F
DPEZHT2D L DOTHIB E TERE W22V,
CZICHLTELS BILH L LT 5, Mt EComAETT
WZHh o T, PARAREA, WAL, SEHEAT
W, WNEBRK, RAMATR, IWHEZEK, I
KIC, BWAEIIR, WIVHERE IS, VAR, ZHEHEZ
KI2iE, 2L ORI ETHERL VW2, EHHH
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L EF %o P OKRERFFERT O BB — 12
FENVERIZOWT, THRZWIZZEWIz, REW DI
HRENOHRBEREICH 2o T, MM, ZRE
KIG, SR, SARBTIR, BIPESRO S %
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