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Particle-tracking experiments of the transport of eggs, larvae and
juveniles of red tilefish Branchiostegus japonicus from
the East China Sea to the coastal area of Miyazaki Prefecture, Japan

Kazuo Isuikawa', Sachihiko Iton' T, Hirohiko NakamuraZ,
Ayako Nisuina®, Tomonori Sarto® and Tsutomu TokesHi*
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EEND 45 HHIE LRI EDE L 22013 2160 0.01-0.7% T, & DR 90% AR HER: 2 #Eth, 4 J ekt
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7ok T3 R0 10.8%, HARBEHNCH 728 T121.5% TH Y, 88%ITH Y FiHICH T -7, TROORELD, YTl
DT AT T AIBNTHARELDD, ARBFIHHEMZHEL WD L, BRI IS L TR i) 32 %2
LHIGHERTH B 2 EATRIBE NI
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This study investigated transport processes of red tilefish Branchiostegus japonicus from the East China Sea to the coastal
area of Miyazaki Prefecture by particle-tracking experiments. Particles were released from areas along the shelf break of
the East China Sea in autumn, which are the main spawning ground and season, respectively, and the movement patterns
and paths were examined using reanalysis data of an ocean data assimilation system. After 45 days from the release,
which is the average duration until settlement, 0.01-0.7% of particles released in the East China Sea reached the coastal
area of Miyazaki Prefecture. Among them, 90% and 10% of particles passed through the Ohsumi and the Tokara Straits,
respectively. The number of particles reaching Miyazaki Prefecture was positively correlated with those passing through
the Ohsumi Strait, while mass arrival events were further related to the deceleration of the Ohsumi Branch Current caused
by a small meander of the Kuroshio. Proportions of particles by destination at Day 45, including those not reaching Mi-
yazaki Prefecture, were 10.8% to the Pacific, 1.5% to the Sea of Japan, and 88% remained within the East China Sea.
Therefore, it is likely that red tilefish has a major reproduction cycle within the East China Sea, while larvae and juveniles
were also supplied from there to Japanese coastal areas. Finally, it is suggested that the Ohsumi Strait is the main passage
of larval/juvenile transport of red tilefish, from the East China Sea to the coastal areas of Miyazaki Prefecture.

Key words: red tilefish, larval transport, particle-tracking experiment, the East China Sea, the Ohsumi Strait
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ORI E oA e L, HAREOREEICS 545
BB THDL., THTITA IR FHICBITLT
RYABFREDERNZLTH Y, 19505480 5 HARMARIS
X o THMEEI TN TV, BEEOHEED TRIZERG
VAR (L TR EE O U ARC, 1970 4F 1 L TR S o i fin 72 0)
THB L 212,000 b > DD -7 (ILF, 2004; FHH:
(7, 2017). —F, EETIEPE, @EELNE O
DA, WY TWIIB T T HT<F 4 BRIREDOEL R
ENFEREE R Y, HARBERMZIZIZRS FilEr SRR L
72, HAHEE IR 0 1355 300 K6 HE Ik JE] 322 20 & H AR 7Y 55 Tk
WCRATL, YRR B TR T EE RN AT AR
t&ofwé(@#iﬁ,mn%lwimﬁﬁﬁ ., 1990
R S WA LR, 20104E0 L, Mk, kE, Rk
RRARORI O REHERIZ668 b > TH o7z (BT
2017). ZHUSK LT, 20104F DR FiEIZ BT 5 P EO
TATIYA R (WEA - INLAOEEHH) 3B k2
15,500 b ¥, BEOT AT <5 A FEREITB X Z 1,550 b

1990 4R LIRS, Y FlICBUII LT H T <54 OFA -
W25 A§ 5 22, 1T IED (2011) 13 ¥ F#ETHEH
ENTEMRBPIRETCHE SN 2T H T T A 2T,
R E B OWTIRE 21T 72, 51, Y ok
Wik & OB LD 9 B, BEMIRILs X ORI (4%
LTI E N Z gL, T L RS A, 272
L [XI Ff T X Central area, Southwest area & 7~ 3 ; Fig. 1a) {2
BOTIOHNS 10 2 TAMBRERIEESHINT % 2
L&, AEARA O M & el L CIER 1SS s
HIEEWSLNMIL:, ZOMPICEOE, HYFiEICE
FBETATITADOFEEGEINEIE, oA 10 HIZHT
THYLHE & VRIS S s LRI L Tw b (I
WF2, 2011). TAHT I AT EEME R A ENL, B
SRBREE - FE BT CIEIN RSB eI 2 479 2 &
AL TS (bR, 1979; BLAT, 2001). ZD728, Mk
TAIRAZ N F il th g g & VTR T UL, RESR I
WZHkRE L CREBIAT DT B L EZ N5,

JEAE D DNA £ BUBHE 2 W 72028 Tk, HARDOKFEE
MR RIS & H AT 3, %v%ﬁ,ﬁ%@%ﬁfﬁﬁ

YTHY, HROTH 75 A L ik L CIEFITK
&< GHEHIE A, 2017), WY FilEE W) EES A
B 5 H T o ERRILEE JRE O LR S T
W5 (BER, 2011; I Z A, 2017).

L7227 7T A ICHBENGEZRPRDOOLNTELT, K
¥ FHEREWI 2> & O H A Fﬁ«@?ﬁ?v&%% FrHiEf
DEEIZ & 5B O W REMEARIE E L TWwW b (No-
hara et al., 2010; MR T2, 2010). L2>L, HARDEFHE
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Figure 1. Topography and current system of the study area: (a) the East China Sea and (b) areas around the Ohsumi
and Tokara Straits, and Miyazaki Prefecture. Depth contours of 200 m are shown by thin gray solid lines. Shaded
areas with numbers in (a) are the two main spawning grounds of red tilefish (1. Central and 2. Southwest areas)
according to Yamashita et al. (2011), from which particles are released in numerical experiments. In (a), OBC
and TWC indicate the Ohsumi Branch Current and the Tsushima Warm Current, respectively. Semitransparent
gray rectangulars within the Tsushima Strait (a), and Ohsumi and Tokara Straits (b) are areas used to count parti-
cles passing through each strait from the East China Sea (see text for details) . The black shaded area in (b) is the
potential settlement area in Miyazaki Prefecture, defined as an area between 30 to 200 m isobaths.
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WCAERT DT H T <A DR F iR P Il &
HEVWHIARBINTITOEZABEOATVRWY., L
MoT, HRRREOT H 7~ 54 GREREOEIIRY F
M S DOYY - AFHELEE R OLB B L 2T T» A hE
WhdH 5.

T AT Y AEHY Filpext BRI Z g c e, T4
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2 X BEKOERREEERE R2GE, WY FiEr S K
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K&EWw b7 T (Fig. 1b) TH 5. L L, H¥F ik
WA & B I % & IR R A~ O A %I, B
ANE & TUMAR B O BISAEAE T % KGR O /N S KB i Ik
(Fig. 1b) O %5 b EETH 2 WHEMED D 5. BT A
5 RBEEAGEA 5 KIBoEE, JUNE IR
WO CTHMMT LN Y FilERAKERY AL, ZTOHK
R, B F RO KM RIS O % O F R & -
TWhHZED, KL FHEOHMNALRBENTHDS GF
HEIZ 2, 2008, FHE, 2000). F 7, FHEIZA (2004) 1T,
HIAE B W TH Y TR & % 2 5N 235 /K % B
L, WFRICHE Y FimHKE R Db D~ T ¥ Trachurus ja-
ponicus TFREMZTRE L7, T, I F#THEINS N
1T Y OHERDS, WY FHERKIE L & B IR &
PR L CEIBER I EE L2 2 L ARIRT 5.

KEB B, EREROBETH 225 (Fig 1b) 2°
5REEBRAR L OREIALE § 5 42 I E 2 #Es (Fig. 1b)
WCEAE R O KR AR L35 & 21 ks s 2 & s
A BN T2 (Nagata and Takeshita, 1985). 535 Hif # O #
L2 ISOEINE, 20 HREE o B CRIIMICES L T
W5 e, RKEKIRL P ZEOWNT — 5 QN HR
ENTBY GFHEIEA, 2008), KHESHIEORAL D FEkD
FADNAT = VTHELTWD LN STV S GFE,
2009). 7z, JINEERICBT 2EIMO AT MVIRHT 25
1, 17-20 H & 35-90 H O TEB AR E VW LR E
NTBY, TNZNEHOFRRIEE O R L Bk 2 o
LDODWETH L LN EN T A (Nakamura et al., 2003).

CD LN, BEOWIZED HIE, HAD KM A%
AT BT H T I AT FilEh H O - AR ot
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MR TETWAITD, TS ORRBRZZAE (LTFIED,
2011) RAFATIREE (WL, 1964) S HR2H 5 b DD,
=DM R RMAH F CREETE TR, Ly
L, W FifEn S KR FEHIRRIEANO 7T A 7= 7 490 - 4F
HEA O MARIZ B 2 AAIZIT LA E R wip, B
F RO EFEISE A & HARD AN #i% S S 2 0,
N T, KB Z &0 X 5 Il 5 00%, il
PR E TR OB ICEHH T & 283N S .

AWFZETIE, A 7k - KBS 2 8 i U723 > i
ORI RO - (A% 2 &£ 2 5 LT, &
I VA R I O FZ IRV 2 M T 5. BRI R
BN o T M A Z gk - KRB 3 N NI AL E
L, J0 - AFHEAATH S F il H ik S T W 2 1 REEDSH
Wy EIIRI B B I SE o iR B X OV HAL S RS
7z 0 i & (Catch Per Unit Effort: CPUE) &, & #} 758 Bl
ENTW D 1980 4EALH D 5 1990 EARICHA L, 2000 4E4L
VB IAL CTHER L T b (IR, 2017; Fig.2). HA
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Figure 2. Landing and CPUE of tilefish species in Miyazaki
Prefecture. CPUE was calculated from the data of longline
fisheries.
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DI, xR o b & B & 35.50°N, 33.20°N, i &
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MEET =7 % H\iz, T2, WmEE 1 m % BRE &
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BRLTIRR % R BER] - 2R — )V OBEELOEEE 2T
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Figure 3. Trajectories of particles that reached the coastal area of Miyazaki Prefecture from the main spawning grounds in the East Chi-
na Sea (red and blue lines), calculated by (a)—(b) monthly climatology velocity (MCV, drawing of all trajectories released in Sep.
and Oct.) and (c)—(d) daily mean velocity fields. (c)—(d) show trajectories of particles that were released on Sep. 25, 1996 and Oct.
15, 1998, respectively. Red and blue lines are those through the Ohsumi and Tokara Straits, respectively. Areas demarcated by black
lines are the Central (a and ¢) and Southwest area (b and d). Depth contours of 200 m are shown by thin solid lines. (¢)—(f) show
current velocities at 18 m on Nov. 16, 1998 and Nov. 4, 1996, respectively.
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Figure 4. Seasonal and interannual variations of the fraction of particles reaching the coastal area in Miyazaki Pref.
via the Ohsumi (gray) and Tokara (black) Straits from the Central (a—k) and Southwest areas (I-v). The left-
most column (a and 1) indicates the results from the monthly climatology velocity and others (b—k and m—v) are
those from 1995 to 2004 calculated by the daily mean velocity. Six bars in each panel indicates fractions of parti-
cles released on Sep. 5th, Sep. 15th, Sep. 25th, Oct. 5th, Oct 15th, and Oct. 25th.
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Figure 5. Relationship between the total number of particles passing through the Ohsumi/Tokara Strait and the frac-
tion of particles that reached the coastal area of Miyazaki Prefecture: (a) through the Ohsumi Strait and (b)
through the Tokara Strait. Correlation coefficients are shown above the panels, where superscripts ** and ns indi-
cate p<0.01 and p>0.05 (not significant). Two large marks in (a) are cases of the release on October 15, 2003,
when exceptionally large number of particles reached Miyazaki Prefecture.
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Figure 6. Snapshots of the distributions of particles from Nov. 13-28, 2003, which were released on Oct. 15, 2003. Pixels of the model
domain are filled with colors if particles existed within them. Fill colors of green, blue and yellow indicate that particles within the
pixel are originating only from the Central Area, only from the Southwest Area, or both from the Central and Southwest areas, respec-
tively. Pink arrows are the velocity at 18 m depth, and black solid and gray dot-dashed lines indicate the axis of the Kuroshio (contour
of 1 m sea surface height) based on the daily mean velocity and that based on the monthly-mean climatology (average of 1995—

2004) velocity, respectively.
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