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Biology of bullet tuna Auxis rochei caught in Toyama Prefecture and
catches in Japanese coastal areas of the Sea of Japan
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Bullet tuna Auxis rochei, which is primarily caught in the Pacific costal area of Japan, exceptionally is caught in large
amounts in Toyama Prefecture, but the catches have decreased in recent years. It is difficult to investigate the cause of
the decline in catches off Toyama, since studies of 4. rochei in the Sea of Japan are scarce and fragmented. Thus, in
this study, the biology of 4. rochei in the Sea of Japan was investigated using samples caught off Toyama. Additionally,
the migration pattern was also inferred from commercial catches from several prefectures along the Japan Sea coast. In
Toyama Prefecture, A. rochei in the size classes of 30-35 cm FL were caught in summer, and then recruitment of the
age 0 group with the mode of 22 cm FL occurred in autumn. Auxis rochei caught off Toyama Prefecture in summer
were mature, suggesting that the coastal area of Toyama is one of the spawning areas of 4. rochei in the Sea of Japan.
Data of commercial catches in some prefectures showed both a northward migration in summer and a southward mi-
gration in autumn in the Sea of Japan. It seems that A. rochei migrate into Toyama Bay or from the Noto Peninsula to
the southwestern Sea of Japan during the southward migration in autumn.
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Figure 1. Annual catches from April to March of Auxis rochei in Toyama Prefecture. Solid circles indicate the 3-year moving average of

annual catches.
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Figure 2. Prefectures (shaded areas) from which fisheries catch
data of Auxis rochei were obtained (A). Fishing ports (solid
circles) where A. rochei was investigated in Toyama Prefec-
ture (B).
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Figure 3. Monthly average catches of Auxis rochei from
1998 to 2015 in Toyama Prefecture. White and gray bars in-
dicate the catch from April to September and October to
March, respectively. Error bars show standard deviations of
monthly catch.
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Figure 4. Monthly frequency distributions of fork length of Auxis rochei caught in Toyama Prefecture in 2013-2017. n: Sample size.

4



HARHER I B 2~V 7 5 O W) IR & SR 1)

T A) (B)

Gonad somatic index
oy
|
|
-

I

1y _

1 — T —
<

- - s -
0o - LA =S = = ] (. il ==
[ l I I I I | [ I I I l I ]
June July Sep. Oct. Nov. Dec. Jan. June July Sep. Oct. Nov. Dec. Jan.

Month

Figure 5. Boxplots of monthly gonad somatic index (GSI) of Auxis rochei caught in Toyama Prefecture in 2016-2017. The horizontal
lines inside the boxes indicate median values. The bottom and top of the boxes indicate lower and upper quartile values, respectively.
The whiskers represent 1.5 times the length of the quartiles (from the lower to upper quartile) . Points outside this range indicate out-
liers. Gray (A) and white (B) boxes indicate male and female, respectively.
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Figure 7. Dendrograms for cluster analysis based on standardized monthly catches (SMC) of Auxis rochei in Shimane (A), Kyoto (B),

Sotoura, Ishikawa (C), Uchiura, Ishikawa (D), and Toyama (E).
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Figure 8. Boxplots of standardized monthly catches (SMC) of Auxis rochei in Shimane (A), Kyoto (B), Sotoura, Ishikawa (C), Uchi-
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2015 among Shimane, Kyoto, Uchiura, Ishikawa, and Toya-
ma. See Fig. 9 for details.
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2015 among Shimane, Kyoto, Uchiura, Ishikawa, and Toya-
ma. See Fig. 9 for details.
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Figure 12. Boxplots of sea surface temperature in the south-

western Sea of Japan from 1998 to 2015. Spring, Summer,
Autumn, and Winter correspond with April-June, July—Sep-
tember, October—December, and January—March, respective-
ly. See Fig. 5 for details.

MW CTAFIETNMEREL STV 2Y (e
2001b), &I TIEARRMBEOZb2 S ORI A
P U OMAZHRT HZ LIETE Lho7 (Fig 4).
7, BIIRT imnm%ﬁmvw/ﬁaéﬁ 2yHZ L
WTE LM o7 (Figd). La2L, KEOEEETIE
20cmKMMDOA Y 7 F A7 “/Engmulisjaponicus, =TT
Trachurus japonicus, 7 ) Seriola quingueradiata O 75 i .55
PEMKFICHESNTVE I 00, k4 XI2X 5
FERREDBBIN S VW EEZ LN, AL TR I MR
FAlgd, BRI 5~V Y 7 ¥ ORER
WAL TWEEWR D, D70, BEEIEETIZ20 cm
KiGO/NEF A D354 LTB ST, SN2 MEkIEE
TR L, RELTEMEEETHLEEZONS.
BT 67 HICIES N7z GSTOHYLfiEIZ 1.9 L I
THhol: (Fig.5). WY I FOEHIIOWTHRAEL -3
4+ (2001b) &, MED GSIAY1 LA L Tl RIN B O 423
04mmll ETHIIEINTERTH Y, 6-7 HIZEARMNT
WS BLE2S em P EOMEDIZE A EHEEL T
W7o Z RIS L. RIS CIRIN PRI D W TR &



HARHER I B 2~V 7 5 O W) IR & SR 1)

fToTWiwas, 6 HOMOGSIIZ1 % ERl-TEB Y, Tk
WY 4 1330 cmB TH o7z, Tz, 7AICHES LM
HED GSHIZZENZFNG6.0L 9.0 TH o720, O, HiH
(20012) 25 LT 2 IR R oD GST (2 Zi14.2-
9.7%6.0-8.6) IZEM L TWwWiz. L72A%> T, 67 HIZEI
PLCHES NIy 7 FIIREA LB CcH Y, A
W IR R S B ORI & L L 72 IR % 5
DLEZLNSL. M (1974) &, FERHRTEIHIZER
10 mm L FOY 7 &7 FIEFHERARELTBY, Lz
A (1995) & 7-8 B HARMIEH & oy 7 &7y IR
eSS B L 722 2 25 L Cnab. EFETIIF S
AT ORGSR B W CTERICABE 2~ LYY
TSy FHRERENTWS (AN, 2017). 72,
ISR TIE S HICHKA L 2~ vy o ¥y siRES
7z (Mohrietal,, 2016). Z 5 OFHEM B X DR D55
it & AFROKE RIS, <V FIEEIELZ &t
BT TICBWTHEFBICERZfToTnb EEx b5,

HAMBH TV Y 7 ¥ OERD % BRI, TR,
AINEB X OEINRTE, 725 12 A, Cifils)s
BmL, MR 2 RTIENEh o7 (Figs. 6-7). L7z
HoT, YUY T I OHMICETRRICREL, &
B IXZOILBRISE VIR TH B L E 2 5N b, KilEDFE
e LT, MEomEchr7TA259A1E, BREBX O
ALl IX DRSO L D L% h o7 (Fig.6).
7o, 29 A= ORE,S, BRETZTA»S, 4+
WX CIES HICHERIAE 2572 (Fig. 7). ThHol
EdS, VYT FIZEFICHAREREEIRE L R 5
T DOWIRNZ 34 L, SR o etk > © Tt i $uk ) % b
ERELTWDEARLNS. 72720, WSRO RRAHTIC
WS 2T 7T-9H DEES VRN Ehns, 1l
MRS B 2~V Yy Fodb R, BRI
EBEHTEWEEZONS. —T, W&o 10HI1C
%% & T RXTONFRCHERORINA A S 7z (Fig. 6)
B L LCld, 10 Hid, BARE, SEmEX, Pl
X AN & 7 o TV 728, 11-12 H I3l X % B
{ETOWS CHERIE 2572 (Fig.7). INbnZ &
i, 100 JUBEICHABTORIVY Y ¥ DR Y — v %
L7z 2R TBY, KHFRORBERNOZLH, S,
COMMIEETEERfTbRTWA EEZ NS, I
BIFEZNVY T FOET HHEIEFEMN TGS T
% 4y, 1999). M PRI TH 5 10-12 H O K HEE i o i
FEMATISDOWT, 10 H I BRI &AM X O iR 12D
TIEOMBEARA LN (Fig. 9), 11 HIZIZBMRE & AT B
FOWiHIIX & &I CIEOMBEDDH - 72 (Fig. 10). &5
W12 HIZOW T HJFRAE & A S N5 2006 4E % B\ 72354
WX & IR CIEDOMBEA S - 72 (Fig. 11). ThbH
DFERNL, BB E BN TSIV Y 7 ¥ OREG N 255 2
LT ERRLTEBY, VY FORTENERZ, #EEEE

P OHEEETHROF LB TALNE Y — v & BRI
BALTLANRNY =D bb0LHESINS.

RV ORI HICR S ETRTOER TR
Y, Z0k, 6 HETIZMENZILALEALN D>
72 (Fig.6). ¥V Yo7 ¥ OEKIREIZOWT, KFHIZ
(1973) 1%, EEMIC X 2~V 7 RO 3 KA
1822°CThH o722 L2 HiF L, dLiR (1998) & EwEHIC
X5V &y moaEEKERE LT21-23°C (K
W) Z¥ L7z 72, Mohrietal. (2016) 1%, FHAAIC
X DBRETEORERED S, <NV FOSAKEICIBIT S
KIBARI25°CTH o722 L FME L. JRTHAEL
T\ % 19982015412 381 % H A 7 V6 58 o e 1 K I,
AZ3FIT11.6-12.0°C, FFL15.8-16.5°C OHPHICH 1
(Fig. 12), JEHIZA (1973) AR LT 5 e b v gk
ML o7z, ZD70, FHFERTARALNATDH
BROZMEBRFORERO VR 31E, HREICBT A4
FBLIOEFOMKEIEEL VDL LEEZLND.

btz enrt, HRETHEINLII VY YIE, E
Zodb B, KEOR TN BIXOEFOEINE VS
HIZBW TR OE G & FikOEREEZ b o905, &F
AR T H % 720 F iR IT K E R
LY B o7z Tz, B FMEICOWTE, SIERAN
BALTL 5280 — v LB Ml HTHIANEL 8y — 98
HY, BLRTRIBNNEALTL 28 MEAREZ 12
BLTWwWbEEZ LN

BINRO< VY 7 7 OERIT 1999 4E5 5 2001 SE 2T
TRAWL7: (Fig 1). 20X ZifEROERIIONVT, #
(2015) &, KR O IV Y 7 5 R W 2 foEe i v
V=L 7 OX) BRABEHLERLTEY, KiklsA
WX D ARFEOEBHPAIIANERT A2 L 2 ML H
AETIE 1997-1998 4RI KIRE T 25 Z 1, HF:2HbI(Z
KA EF- L2 e s nTB Y (nElZs, 2006;
FEH - ARAT, 2008), RS L LIRS E T 5
FIROWMRS ZOEBBIHM L2 LE2EZL DL,
EZEOKREFICE DNV Foldb EFEFHASERL, 0
72O E B ~OR T EAREED RN L 720 FetEdsdh 5.
b E#PHOIERICOWTIE, BEELEHEIIBWT, VY
T FFOWHRDKIMDOBENIEIIL L BT L ERL
7okH (1957) OfERE L —HT 5. B, KiREFAICK
5 A ORI H ARWED Y7 T Scomberomorus niphonius
THADMN, 1999-20004F LIFEIZ H ARG T O R A L
o2 eSS NTBY (RH - AP, 2008; LH - 193,
2009), BTNy o el Lz HE —~%3 5%

—7J, BRI IZ20104E 2 BB EIN & % o
TWwb., TOZEZOWTH (2015) &, VYT ¥ Ol
HER DRSNS — VDG L V=L THINT AL T &
RIS Y, FEE L Y — AANOREEAA U A H
RN BT 2 KR T LR 2R L 72, BA



PRI, AR, <PMaAB

JATHO= AT VEFERIE 2010EICHVIIARDSIADL
N5 EWinMEmA HE S TBY) GEHiEs, 2019; %
HIZ 2, 2019), 2014201541213V Y — A3 7 FAFE
Lzwagtk b nCcwsd (BH - 74, 2017). fEo
T, BAOBRENSHABTO<IVY 7 ¥ odt F#iPH % i/
SEDLMEANCH Y, FICB 2 EERRDPL 20 L)
BRBEZALEE L COL RN D 5.

RIFFE TR EHFROWERZ R L2720, hE e
B 2RI D o7 <Yy FIEMEHEIC b 5T
LTEY, Rt Lz ofmssinw e Bbhs. M1
TERBEDO R B A 5 2 2 ENE LT, b Motk
WIEEETHLZ Lhn, Sk, MEERICBIT 5L R
W ORAEN e AT A 24T, B PR O REIRN & D
BREICOWTHL NI THZ LR ELEZ LND.

o

AIFFERIY) TLOLICH7- ) BRELTERZ V20
BEILEIKEMNIEIT OJ 2 [JE# - LET. T/, s
T =7 QP T w72 wiza)lEKEREG Y v 7 —
OEBREIK, v TV TG 72 72 7 g s
LA HTIE DO ERRE OH 4 IR CEHB L RIF 9.
WIS, ARZTLODLIIHD, BWYTKETELR IR
T2 o0& 5 E L HUHEEZR B IR LR L 1
FEY.

5

Collette, B. B. and C. E. Nauen (1983) Scombrids of the world. An anno-
tated and illustrated catalogue of tunas, mackerels, bonitos, and relat-
ed species known to date. FAO species catalogue. FAO Fisheries
Synopsis, 125(2), 137 pp.

Wil A - PR R - R - AR - IRV ETF (2019)
R0 (2018) AEHES A U YR EGRTE OB IREHM. TR 30
AR FERRADNEI R LR O U SE R IRETAG 55 1o, KT HE i
FEE EIWITEB TS A K EENTTE - ZUE R, 14-56.

JEHREHE - AT A8 - HAHH (1973) < vy ¥ o NTALEAF
fEFIZOWT, EARFRFIRE, 6, 113-116.

M J5EA (2014) PR ORBEEMICBITE~ VY 7 5 Dif
FERDL. B OB IIEEIIZE, 15, 63-70

WHTEZ (1955) HALMEIZIRT B <V — 5 %2 F O il 54
L xR, HULEX K EVTETIT e R, 4, 120-126.

Jasmine, S., P. Rohit, E. M. Abdussamad, K. P. Said Koya, K. K. Joshi, S.
Kemparaju, D. Prakasan, M. N. K. Elayathu and M. Sebastine (2013)
Biology and fishery of the bullet tuna, Auxis rochei (Risso, 1810) in
Indian waters. Indian J. Fish., 60 (2), 13-20.

M (2015) ARSI B 2 <y 7 Fifli O LB & 5%
DV Y—=hT7 b OB RIGENIE, 16, 65-73

T A5 - G - AW - LA - 9552 EE (2006) i
R MEERRBIN T — & A HIOR BB H A S OV I T 12

B 2RO RYIEE). GRENIZE, 44(1), 19-24.

R 3E - ORPTIENT (2008) H AR D i 0 BR35E & ISE R IR o 2 L.
HAK 7435, 74(5), 873-875.

JemREZ - FEIHEDS - ABRE IE - dhlssHE (1995) 1984 HEEFD
AAMEIZ BT 2 P B Z LIS LTI 7 b v D
GiAi. IREEWFEERRZE, 59(2), 107-114.

JEPEERET (1998) HEEICIUT B — 597y & Ot & Bk -
KK & OB, MK ER G IIFEIF e, 3, 39-42.

BH 95 - FA4 T (2017) HARJH LSRRI 350 2 54 Ol
228, AR, 49(7),398-403.

Mohri, M., H. Tanoue, T. Enoshima, T. Kamano, K. Hata, H. Gotoh, M.
Kokatsu, T. Itoh and N. Hamazaki (2016) Distribution of catches of
bullet tuna by surface water trawl in the Japan Sea in 2012 and 2013.
Mathematical and Physical Fisheries Science, 13, 10-21.

AR (1957) BBV RO EEMIERICOW T, AAR#EX
JKEEBFZERT IR ZE8E, 6, 291-300.

A S (1984) HoNB [THARERBRKE W] HH — -8
FIFSR - Fe B — - RUPERAW - IR, R s,
WL, 216-218.

MR (2017) ®ILECEND [V ¥y F] I2o0wT. BHK
w7280, 19,3-4.

B (1999) BB A SHEE SN K PEERICBIT A3 VY
7 ¥ ORI HAKEZRRE 65(6), 1078-1083.

B A (2001a) &5 50 LRI E DRI BT 2 <V Y o 5 D
AR & REINEL. HAOKEY SRS 67(1), 10-16.

A HUE (2001b) = AR TS B U 2 < v Y 7 ¥ O 4 i,
R, B X UH . AAKESRRE 67(3),429-437.
WL (1965) e dEifEik 2 MBL3 % 50 - HEAFICBE 3 2 F 220 HT

78, HAUEX K ERIZERTIIZEME, 15, 13-37.

il (1974) BARMCBT 52 o~ 7 agliFaomsl ox
HEDORFERF IR S 3y, 25, 89-97.

R Core Team (2018) R: A language and environment for statistical com-
puting. R Foundation for Statistical Computing, Vienna, Austria.
URL https://www.R-project.org/.

Sabatés, A. and L. Recasens (2001) Seasonal distribution and spawning
of small tunas (Auxis rochei and Sarda sarda) in the northwestern
Mediterranean. Scientia Marina, 65(2), 95-100.

Tanaka, Y., M. Mohri and H. Yamada (2007) Distribution, growth and
hatch date of juvenile Pacific bluefin tuna Thunnus orientalis in the
coastal area of the Sea of Japan. Fish. Sci., 73, 534-542.

AN - T3 15 - WA 2 - A R8I - R
I Bl OB - KT - EARE - BPEEE] (2017) EFEO
P SIS B B SNBSS o 5. TR 29 4F FE H AR K
FEFRBRFRAEHEFE, 32.

I (2018) 851 MSEREE L MSEAE. BILOKE, 1-5.

B R EEA (2009) T T AR LK & OBt AR
IR & > & —WFZed, 19, 69-74.

ZHAW - BEEAT -k R KHER SR £ mAERE
(2019) FHE30 (2018) 4EPE~ A 7 ) G BE HR A 0 R ETPAM.
P 30 4 BEFR A B LK I o I SE R IR AR 88 1 A0, K
FTHRHEAETE  EN TSR TS OKERTJE - 2OEHRHE, 57-95.

Yesaki, M. and F. Arce (1994) A review of the Auxis fisheries of the Phil-
ippines and some aspects of the biology of frigate (4. thazard) and
bullet (4. rochei) tunas in the Indo-Pacific Region. Interactions of Pa-
cific tuna fisheries. FAO Fisheries Technical Paper, 336/2, 409—439.

— 10—



