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Estimation of hatching period and transport processes of juvenile jack
mackerel (Trachurus japonicus) and young Japanese common squid (Todarodes
pacificus) distributing in the Kuroshio-Oyashio Transition Zone

Itsuka KoN'*, Akihiko YArsu?', Hiroshi NisHipA®, Masayuki Noto® and Ken MoRr1?

We described spatial distribution, length frequency compositions and hatching date distributions of juvenile jack mack-
erel and young Japanese common squid collected from the Kuroshio-Oyashio Transition Zone (KOTZ) in May 2003.
Numerical model experiments incorporating geostrophic and wind-driven currents confirmed transport routes of larvae
and juveniles of jack mackerel and common squid from their reported major spawning grounds in the East China Sea
(and from southern Japan for jack mackerel) to KOTZ. Spatial distribution and length frequency data and numerical
transport model results of common squid suggested their northward migration during spring. Jack mackerel distributed
in the KOTZ may not recruit to fishing grounds in the central and northern Japan, since their northward migration was
not evident and jack mackerel catch in the northern Japan was much smaller than that of common squid.

Key words: Japanese common squid, jack mackerel, Kuroshio-Oyashio Transition Zone, recruitment, transport

EUC®IC
~ 7 ¥ (Trachurus japonicus) & AL X 4 #1 (Todarodes pacifi-
cus) \FFDPERHELEIZ W TERLAKEERTH D, X
FHEEIZB W T 7 VI IS IINFE SRR 2 & B,
U X A s S duiE (FRC =FeDdb) cigEsh s
(FHHNZE 2, 2005; 7 - k{5, 2005) . Wifd & & FPEINL ISR
e EbR (Fig. 1), ~7 Y OREINHIEH Y ST
1~4 HELTH % 7%, WHARFARERF Tld1~5 Het, B
W TIES~7 AEIC g sl s s (KA - Hd, 1998).
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Ku210~12HE 1~3AEHTH 5 (FHiZH, 2002). WifHED
TFREFRRYE - IIRIZERENC & - TR, F 72085
BEC K > THAMHIANE R S D &) ol &£ - T
W3 (A - BT, 1998 WY - R, 1998, B - A,
2002).

ZNAALHOY YA N FE VIR LGRS TV, <
4 9 ¥ (Sardinops melanostictus) 75 £ D IHEFRUZASEAMIT
FPHAR~BIHFICEE T2 8 DI A, Rl
SEERATIR (Zh DR, BATEREIEEE %) 128 %<
Rohsd (F - T2, 1999; FHIZA, 2001; #FRIEA, 2002).
ZOMITIIT B B FEAPEICZX A 6N T, v 4R
&2 F A4 T Y (Engraulis japonicus) X° ¥ Y /N (Scomber
Japonicus) 75 E D ZHEWTF RO IMARBREDIG L EbHh
T3 (FEE, 1999). ZD72%, 19954 LN 5~6 F
IZKREER AT v & — R IUOKEERFZEAT IS, & b a—n
X 0BT E ZORIICE T AEAEOIMA EHE %
froTwa (FHIZA, 2001). BITIOD 2L 2 4 5 D5y
AT DT HAT - #R:(1998), #% - 1E(1999), # - A
(2003) & EDW%ERH 3. LirL, BITHIZOMT 2 ~T
UL 2L A4 B OFAERLREFICBR T A RIEIEE A
EfTbhTZ BTz,
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Figure 1. Schematic illustration indicating major oceanographic features around Japan, locations of spawning
grounds of Japanese common squid (winter spawning stock) and jack mackerel, and 21 points from where parti-
cles were released in numerical models (solid dots). Locations of spawning grounds of jack mackerel and common
squid were adopted form Ishida et al. (2005) and Mori and Nagasawa (2005), respectively.

INGEMWEMIZT S8, FE 6132003 127K
EZDREATRIFICIEIEX Wz~ T P & 2L X A I D5AG
A ZBET L, Hhlk XOFAaO Himd e 1 & 2Lk
H & PRAF O PEUNIS A &, PEUNS A B S il & FE X h
TWDB AN A A HETERAER (BT, 2002) & HKT 5
ZEITkD, BITETHE X Wiz~ 7 Y OISO HE T

Eiro7z. 72, KBEE 7L & W TlkAE s & et
L7,

M EFE

S ERRER

77 VML 2L X A AL, R IKEERT LA AL
XAKBERFZEAT 46 & OSACIX K PEMFZET & HL[A T 2003 475 H
W2 E DB THEIE L 72Kk b v — LEREIC & > THRE
SRR AWz (Fig. 2). AUk CBBEEE)T, 664
b)) 1E20034F-5H 9H~30 H DM IZ 35°N~41°N,
143°E~170°E C&g b v — L Hil (O34 27m, 29 F
IV FHA10mm) #1757, BAEA OKPEIT, 263048 b
V) 1E200345H 13 H ~31 H DL IZ 35°N~40°N,
140°E~148°E T&J&g b v — LB (MEIPEK40m, 2 v F
IV FHA1TMmM) #4757, WAL & 1180 B
133078, MO0 ESHISITITKIMIZH - 72, HEEDI

A ETEIL , AN 2L A A HD—EIZ DN TIE
10% R VEFEIZK DFb -7z, KBMEIC BV TR
Bah7zv7 VORNEL SmmEfL, 2L A4 HONE
REIomBA Ttk L, RRMKT —2& Lz, Thi,
Wi ERRIT ORI & 2 U ETER & SRRRER o piih
g B K ORER SOV F DM E % EE L, Fig.20D5
WX (North, TZ-West, TZ-East, KE-West, KE-East) (2771} T,
KR IEEIhIREROT -2 208 L2, &k,
North & TZ-west IZ DWW TIZALES L & AL, ZHh 6 ISt
FALEAIC K B EREEARG SN, AiFIcO>VwWTid2E%
XA LA=0T, REMKT -2 & LTI TEIZHT S hz.
7T UTIE, A A 2REAEREIC KD RRAMKIZ IR
2o NN L 2HEIDZS AT, thE (FB
fEIZZE D & DIEE & IS & § 5, 5% H R AKUE)
IZKD, MEEMIC 2 O TFHEOEERE L. AL
A A4 FZNMEE R L S HRIZIRD AR 6N =Z L5,
MR 2T &0, RRREICY 0 B O ARSHE 75 i %
H L 72 (Kolgomorov-Smirnov M7, 5% A REAKUE) D5
TRRAR D Z MR L 72,

HEMETER

At oA, v 7 VI3EXEL 0.0l mm¥iA, 2
A4 FEFNERSOmmE TI0.1mm, 50mm & 0 KAT
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Figure 2. Sampling locations and areas of Hokuho maru and Kaiyo maru. TZ: Kuroshio-Oyashio Transition Zone,

KE: Kuroshio Extension.
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Figure 3. Ground and polished sagittal otolith of jack mackerel (40 mm FL) under transmitted light.

ImmHpR THERZMEL, KEEIYTY, ALX4H
EB 01 g THUEL 2. HimdEIi2id, LA CERE
Shizv7 Y104tk (EXE20.71~65.17mm) , AL A
A4 7T TERSE Sz S5tk (AFE R 34.5~198 mm)
7=,

EfR - FEARONIE L BREE

2T VRN ELRE, AL AL HIINERE L KEAHE
%, Has WAt Lz, ~7 VHREZ 74
N AT 2 FI22MIRAT O FIE (LS (BUEHLER %)
THEE L, Bt KRR ICEER TE 5 £ T, AN
PV FR—=8— (#1200, #1500, #2000) & F v ¥V 7 T 4
JL 2y (#6000, #15000) % HIW TR (sagittal) 1 % fifFEE L 7=
(Fig. 3). w7 VHAIZK % Hin#E &tz 20T Xie

et al. (2005) (X2 BXRE TS L 22 EARIZ DWW T 5> T 5
M, KR THN 2T DI3NITH 572728, — b
ffFVE T+ 1B S E T & 72,

2L A A4 F A3 2 R AT O F IR IHIE 12 T e
L7z, (LRI X 2 TR 2 & 328 5mmiE E Dr
FARIZUIM U, B (wing) A EI2 7% 2 & 5 (2 Bua v pE A
fECT2IA4 KA 2@ L7z, E@th, mARES Y R
N— 8= (#800, #1200, #2000) % FH\ T, KL % CHF
JEL, B P CHBERTE S ETTI v E VS T ¢
VLIS TRMAME L 72, Z20%, BarERiE+En, L,
274 VAT A PEAEH LIRS, X T4 F
H I 2@ L7z, 2 LT, il (lateral dome) I & %
MWERTE 5 LTI L 7= (Fig. 4A). AERS0mm L FD
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Figure 4. Statolith of Japanese common squid under transmit-
ted light. (A) Longitudinal section (95 mm ML). (B)Posterior
view (64 mm ML).

2N A A TR DN TR ER ERRME TS > 7272
W, —HOMEKIZONTIZZTA FHTZAIIIZF 27T
S A A L, BRI A TS 9 5 k& L 7z (Fig. 4B).
Bk, WREEMIED HEE 2L X A4 5 PHA O KO8
FfEt s~ = 2 7 v (e LI K PERRBR , 2005) (2
Ko7,

HAa B & OV 0BG, e
(OLYMPUS #¢, BXS1) 1ZHzhi U 7= H Gl s 2 7 4
(RATOCY 2T 6Ty v =7 ) 78 ZHOCilifis ¢
200f5Tir>72. 7 VHATE, Wfoay r 72 b
BRME A 5 dorsal AN D I KIRIZERE L 22 AR IZ B W) CEF
KU (Fig. 3), MBS U THIFEFRE L7z, AL XA H
A TR, A 5T (dorsal dome) D AR FIZH
T, ‘OO EMIZH - T L 7.

v T VHAE Z A A RO B IV S
BRI K D RRGE X T B 728 (Nakamura and Sakurai, 1991;

Xie et al., 2005), $ift & Hige L7z, {HL, v 7 VD
13 bt 3 H BIZIER X b (Xie et al., 2005) DT, Z
NaZELUMLE 22 Lz, 2L X 4 5 TIEE LI
BRI D 72 0.6 mm (Shigeno, 2001)~1.02mm (1 A i %
BlLT, BAME20054F-11 H) 2L ERE (0.74~
1.02mm; VB, 1961) LIXTHLWIZ &5, B 1A
ftHERZA L.
ROFTBPOBITHADEXET IV
WAL HDOY T OAFE AL A4 ADY v A by FF+ VY
O & REFIZOWTOMEOMRE (41F 5,
2002; /MM, 2004; EJE - =25, 2004; {KH - {4, 2004)
EBEZEL LT, 7k, S BATIRISET 5 £ TD
s H B L kAR R & Noto (2000) (24E U TR FBHE T
MZ KD BET L2, K7 O f B E 1E 30°N~33°N,
132°E~133°E D HFi[H IS HEERRE 0.5° DEIE T ) v FIRIC
B U7z 21 f& T % (Fig. 1). Bk T 7L O b e
120F, 20031 H~12HDO5HM I &, 28°S~56°N,
120°E~80°W O fH % T 0.25° ¢ DA% 7k & 7= i i i FE
7 — & % H 72 (NEAR-GOOS, http://near-goos.gods.go.jp/;
Kuragano and Shibata, 1997; Kuragano and Kamachi, 2000,
2003). SHZ DT =45 H9 v T7 VT 404 —T1H
ZhlicEBUEERmOMERE AR LA, 510D,
NCEP/NCAR Reanalysis 1(http://www.cdc.noaa.gov/cdc/reana-
lysis/)? A 399 FJRT — & A 5 23)L 27 3k & F S C i i i
B A& R LWOR IR & HERL U 72, SEHY X - b & Wk
WD H 420§ % 3% 2 550 (R AT, rEALqm) 12
DWTENZTHE LAY CRBEHREGE L.

2T VOEINGIZONWT, fE4 - /N (2002) IEH Y S
W 350 B IRHEF A A T 72 R R 3 mm RO AT oD 5
oA 6 2~3 HO R > Film sl (28°NLARE) 2RFICE
WL LT3, &IEHL 2002) DR TEFLFEERIZL B &,
7 7 DAFHER A S F D FREING 2 & KHISET 51
RN TIIHB 2B LU 2. £/, /MR (2004) 12 & 5 [RlBE
DEETIXTHMZE L2, ZhL42EEL T, KD
ETFNLTIE N A 7k M SR AT HAE3HE
AHICRE L2, AN XA A% HELEET LTI, 7 -
AT (2000) 12 &k B HEEMMEREH A S E L LTI HE2HIC
BWEL. RHBPNIER - L #HE MThbh-5 A1
HMIBT 5 &H12, BiFEEME 21 iZ1A1H25120H
M, 2 id 2 A 1HB2»590HIE, 3HIZ3A1HA»5 60 HFH,
4HIZ4A1H2630HME Lz, RiFO5Am K%L 30m
ICEREL, RO om et Lz, Thb DKREEE
ELBENT, RR1.7~75mmD~ 7 ¥ DA AKED T
12 0~50m, M0 iE 10~30miZ & ¥ (Sassa and Konishi,
2006), MEfAHIZAR B & 2 57X RHhEANBEL (&,
1962; =#¥EA*, 2001) , WK TOMMERE T & HEAF 4
VIS (B - =2, 2004) BEREMEERT
T, ANAA A TEBILBZENERISmmAiZ X T
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20~50m g i & vEdis U (H ARUGIXOKPERTZE T, 1989) ,
MALEZ O ER Imm KW O AT 0~25mbEIZRE %
<, RWTEE (0m) & 25~50mE IS L, REE &Y
250 A D O KRBT S0m T #2112 % % (Yamamoto et al.,
2002) Zki2kB. vT VMFE 2 X 4 S DIEKRD 5 Al
KBEIZBT 5 Lo, 6, 30mi@hlnEiEs & T
XRLEZOND, WERIIERTORE Lralicxk
WHEE T BmEMEERND P ) 74 =74 OFH s
R =345 Z & (Ichikawa et al., 1995) = E» 6, FKifiH
SR mEEOWhERELTWEEELLhS, —
J, MREWIE T~ VR ESOmERNEL CEFRL %

(Michida ef al., 2002).

& R

2 EERERK

Fig. 5, 61277 Y & Z)L A 4 7D CPUE (B30 47-0
OWHER) 7 5 N EIRLT ORI CFR 15 4F-
F185) KD EEAR S TR & Tk KO e
DHEMMEEZRT., 7V 2024 HIZHEL T,
144°E & 1S1°PERHEIZ A & W - Biliim o m ok L » ¢
PR THMEE B EVEA SR S5 N7z, 72, 143°E
PIVE DA & BEBkiZ 2 Tz~ 7 ViditBle 4,
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Figure 5. Distribution of catch-per-unit-effort (CPUE, number per 30min trawling) of jack mackerel with locations
of the Oyashio front and Kuroshio axis (adopted from the Quick Bulletin of Ocean Conditions (Current Estimation

Figure) No. 18, Japan Coast Guard).
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Figure 6. Distribution of catch-per-unit-effort (CPUE, number per 30min trawling) of Japanese common squid with
locations of Oyashio front and Kuroshio axis (adopted from the Quick Bulletin of Ocean Conditions (Current Esti-

mation Figure) No. 18, Japan Coast Guard).
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AL K DhEhoTz Kk, AN AL HDOFAEE
145~147°E DT 5 BT 8 & <, Byt o Fidl
Zff> Tz~ 7 V3R > Tz,

ATV O v A AL L T 12.2~21.5°C, BAVEARLT
8.9~19.2°CDFHIZ b - 7. 7 7 ¥ H M X M=K
AL 12.2~204°CTH D, 12°C Kii COIREIT D > 72,
Ak, b L HEINZDIZ36°58'N, 153°46'E, Wil
Kk 15.8°CO 1R Y 0 30ff & (EBXE (FL) €— F
44mm, ZHLPEIIFERO TIRMETRY) Th -7z, Kif
ROHE L7 SBR I OWTIE, REMERO IEHR S M
PEDRDITED SN o572, 22T, MR 2B
TOVEDZEARE CPEMEIZZEN TN T & 2 )i ARG
&9 5, S%ARKUET thiE) LR, KED R
(P=0.15), TZOHPER (P=0.12), ACEAL & B AL D R
(TZ-west T P=0.16, North TP=0.32) TO#FH5N%k
MolzZl NS, KEETZIZOWT2EFIZH D 7 —
A R, FFOKE & TZ G O8N North D TO 2 % BRE L
72, ZTOMBEKEE TZO ] (P<0.01), KE & North @ ]
(P<0.01) TIEZEIBL XN =hY, TZ & North DR (P=0.10)
TlEHERBRONE»r 5722 5, KREEZHMEEE1R5
B2 > TIE B3 280 3 2 — VI3 S hu sy
TR & 78 > 72 (Fig. 7).

2L X A S BRI & i AR 1 10.0~21.5°C T
by, v7 VLD SEAKEIZE 5L Tz, JEELT
wdEHEINAZDIE36°58'N, 153°46'E, ¥ 1fi A
15.8°C D 1 LMY 0 2840 flilfk (FFER (ML) €£— Fid2cem
L6em) Thotz, FFRTRE L AN A4 HHHFEX
N7z D13 38°00'N, 146°27'E, /Kl 14.4°C D 1 B4
D 1361k (F— Fid9em ML) Th -7z, dLEHIZX B
NERMBIE, AEBREARTIEIScm L FOREKL %
M7z DD, North TiZ 10cm MLZ B Z Ak £ &
F o THBIL 72 (Fig. 8). BT, JLEROMED &
2y FZY FOHADPKENWZ LIZED, SHAERE2em
TOZANAA HIFFREENT, SHERE— FIETZ-West T
{d¥4cm, North TiZ9emIZH 577z (Fig. 8). AN AA I T
&, w7 Y LB D /NMER I o 7o R R AR S h 7z
o8, EPRERRY D B RARE 546 & i L 72
(Kolgomorov-Smirnov M , 5% F & KUE) . Z DFER, KE
DOFPGRE TOREHIRDZEIT R 5 himh 72 (P=0.06) 73,
ZOMORER TI1Z, FHHE B X2 EMTRTISBWTE
MR S5z (P<0.01). ZOMETHLEMZEh52E,
FEDED BTz & FHREMRD BB E L 5 2 LIS
BHHEME & S T E A0S, ANER ISR B EREERER O
BB 2E X L RETH > TRHXBDOENZED S
Nz, e k912, REHMBIX 2 & KB A North 12
BHTEIENHENTHDZ L, RUTIZR RN,
FHVEALC ORI EREE R D £ 2> 5 72 146°E 12U - 7o FREEAS R
AT U AR, ACMNE & KRB AR 23554 L T
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Figure 7. Length frequency distribution of jack mackerel by
sampling area and research vessel.
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Figure 8. Length frequency distribution of Japanese common
squid by sampling area and research vessel.
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Figure 9. Hatching date distribution of jack mackerel deter-
mined from otolith microstructure.

15
M Transition Zone N=55
Osouthern Kyushu N=38
f =
Erof
(5]
o
&
o«
o
S5
0
Early Mid. Late Early Mid. Late Early Mid. Late Early Mid. Late
Nov. Dec. Jan. Feb.
2002 2003

Estimated hatching date

Figure 10. Hatching date distributions of Japanese common
squid determined from statolith microstructure. Data of the
southern Kyushu was adopted from Mori and Nakamura
(1998).

WeZlEdbbddl, w7 T L IETHHEINIZZL XA SN
WELAENSILET 2 Z &g ch 5.,

SRF{bREHA

77 VOFEH & Hiaon 5 i L 72 HiZ 200343 H
3H~20034-4 H 24 HOHH TE— FIZ3H Ml d - 7%
(Fig. 9). BB DML HIK 2 Rat L72& 25, FFEDH
BRUCIHMEH O AR EE 5 Z L i3 a <, BITHICIA
AWML Tz, 2 A4 A OFREH & Hiahn 6 #aE L
720 H1% 2002412 H16 H ~2003 -3 H1H T, £—F
31 A THENC S - 72 (Fig. 10).

RIREE S EXE

Fig. 1112 b # F Wik Bl 2 5 3 U 72 55 6 K % 30 m g o ki
TOYERT. v 7 P &ME L T2003 43 HICh %K
WMUESAER S & (Fig. 11A), HAFEOHFEZD TY)
BN EOILM D 6 FIZHLE & 72K IZI D A £
NEBORMEATIZ & & & 572, (LIS HLE X W2k 1
1360 H#%D 5 A I I3 BRIk 155 ERHENEEL , M
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Figure 11. Particle trajectories released from the eastern area of
Tokara straits in 2003. (A) Released from March 1 at 30 m
depth assuming larval transport of jack mackerel for 60 days.
(B) Released from January 1 at 30 m depth assuming larval
transport of Japanese common squid for 120 days. (C) Re-
leased from February 1 at 30 m depth assuming larval trans-
port of Japanese common squid for 90 days.

M OKE 113 B G BRIk D 145°E R UTIZ PR L 7=, X
NSO, 3HOmBEOERL K04 A2 o0 T & A
Fo < WA EREE AN C & 2 BRTIE, 3 H30mid0EER L (X
(EYEILEIDL I TPUS &3 R N Oy

ZIv A A A & F8E L C20034F-1 H (Fig. 11B) &2 H (Fig.
1O) ISR FARBLAEGAEZRZE, 1THE2HTRE R
W AR o 1V HOBA WAL E A — vl
(132°E 5 4 » k) TAE» 5 355 (33-32°N) &\ T, 2H

SO B1IONDIRE) D78 %BRWT, ZO%ETo
KA F L OV BIBER IS HL D A £ H A HUh i
Bk X7z, FRIZ150~160°E Tid B irigicdt Rk s h
Tz,

Z OIS EEARID A E N2 8 DTH .

4

Sk
T, OREEILE, BB

I I 2R 713 1 H TIE 179°E, 2 H TE 169°E 12
L7, &¥, Fig 1112\ THASE 2K 1288 - ¢
WAIAR OGNS, ZIUIIHK L RS E OR A & A
TWABTHTTHD, ZOKTEIHRE RS L2720 T
HB.

Z =

FEUPHA & FEDDIS

AR IZK 2~ 7 VoL HAMKIZ3H Fa~4 H T &
HEE & N (Fig. 9), Z O AL > il dEiE 2 6
N2 CTOREII (1~4 H; YA - W, 1998) 12
GEND. KVFHEMICHT 52~ 7 VaifF ol
2003 F- D YIHEAF 3 A 12 Dfik4ﬁ®i%@é¢b
%@mﬁﬂﬁﬁéaﬁ%_ﬁwfﬁﬁbfﬁéh,Lm
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Figure 12. Particle trajectories released from the eastern area of
Tokara straits on January 1, 2003 at sea surface for 120 days.
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