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Age, growth and maturity of jack mackerel Trachurus japonicus off

the Pacific coast of southern Joban-Boso area

Makoto TAGA'? T and Yoh YAMASHITA?

R~ BRI CHEE SN T DIZonT, AR EREE (GSD I X 2N oHE, FaMBRIC X i
BRI O & WA EZ 1T o 72, GSIOKED 1, WIMEAKIZ6-8 HICOAMBL Twiz/zo, Z ORI A A
DN TH 5 Z e Bbho7z. 1R TORMMERIIERE SN, REETIE 2R THRAT L2 EPWS PR 72 —
i, HAOBMREFEOWR DS, KiFHkO< 7 ¥ OSIEEINE 59 H L e S, GSIH HHEw SNl & iz
—H L7 INLORRITEDIVT, THZERGEEF T & L TR ri T Ok & B LK) 5 von Bertalanffy O % £ 312
HTIEDET A, Li=294 (1—e 038 18) (033<¢<19.67) & %ol RiEKO~ 7 T IZHEEFELITE  #ElE & ol L
THREMEL, EWMANZVEINCH - 72, RilFsd~ 7 VoL RKRE FHLZMMAEWN & 205, HKIERED
R, mHEMmEMME LTV TREMAVRIBENS.
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Spawning season of jack mackerel Trachurus japonicus collected off the Pacific coast of southern Joban—Boso area
was examined based on gonadsomatic index (GSI). Period of otolith annual ring mark formation and age were esti-
mated based on transversal sections of sagittal otoliths. The GSI data showed that the matured individuals appeared
from June to August, which was considered to be the spawning season. The age at first maturity was estimated as 2
years old in this area. Measurement of otolith marginal increments showed that annual ring marks were formed from
May to September, which approximately corresponded to the spawning season. The von Bertalanffy growth curve cal-
culated from fork length (Lz) and age at catch () was expressed as follows: L1=29.4(1—¢ 038108y (033 < ¢ <
19.67). According to the growth equation, the present samples from the Pacific coast of Joban-Boso area showed low-
er growth rate than those from Kumano-nada and its western area, with a high proportion of older fish in the study
area. The low growth rate and long life of jack mackerel in the study area is probably attributable to a shorter period of
optimal temperature for their growth.
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Catch (TAC) XML LT, *EBEHAH (KHIZH,
2018) & OREEEREE (EIZH, 2018) 200 TEIFAHMIAS
fibhTnd, Z0) b RFERIE, U2 S HIucE
BRFER RS TR R L 22 0, FRICPE AR Tl
e L Coffifinsmv. ARG L 1980 FAH%
POHBIL, 19964E1C1X16 5 b Y IZE L7722, T
WEFRER DN L, 201641213477 b Y ETHBLIRAA
72 (HIZ7, 2018). ARRBEICIIHE Y FilE% FREINY & 4
HEEE HHIETHINT 2N EETNL & SN, R
ORHEIPMET T EHBHENERIIR DL EEZOENTVD
ZENS (W 1990), TAEMGHEOREEMEIEE > T
WhEHEREINS. HHEIZZF ORI AR X 5 TR
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BAHkE ORIk, 1972; #H, 1974; BIARIZ 2, 1986; B,
2001), AEREMIFBRICHIESH D EEZ LN TEY, H
T OBHFEEEZINRT 5 2 LG REHICBWTEE
THb.

PER DAL BV i, LR CHEET 5K
AL E XHSE (LT, LX) X< 7 Voimss
wb% L, EMICHRRMEPLEEML: ETHEESITY
L. 2L, k3o EMEITVwb L - SIFHT
HY, 3T I INS OWENATH 2 5 A\ IIES T HIHE
I 2w RERSHETH L B, 1994). 20720, b
FE ST GAE LTI EEER SR TV AR,
FEREREBEHEICBOWTHIREY L LTib 5127
EBWnZ s, REHRICBT 2 EIN U $ % M
FAXIZE A LR, BRRERIHE COfE A ORER D S
FESRI % g L2203 5123 E 4w (IR, 1959).
S HIT, AUHEN BT B IIEY O 4 R R B EE 2 B
T2 AGLEIEFICZ LW,

B, =7 IV REERBEOGREINAD T 5T, KF
FAEX CoEERIIRTFERIX, EHEXIEERD L Tnizn
(HlZ2, 2018). E 51T, RFH TR IR Lo T IH°
FHRE GRS THEINDL Z E06 (HIFH, 2018), &K
KRN BT 2% 7 VRFERBOTHAEEICB W TERE
BB MRS DH L. T, AWETIE, WEHE
o~ R T SN B < 7 ¥ D IR 7 LR REE 1Y 1 L
25720, AGERERER (GSD) OFHIZAL S FEHP
WZEHEETLHELEHIC, HAMBEEY NI X 2 WmEB0EK
Bofes L OEREEICE D, RSB 2 K& ik
FIZOWTHE L 7.

TR EFE

20154 6 H 4 5 2017 454 A2 51 TH AT 50 ~ B3 48 1l 35k
(Fig. 1) IZBWTHELZILE B X OB (M
B LA (12X o> TSI NI~ T T 678 k% fif AT
Wz (Table 1). $RTOEARIZOWT, BLE (Fork
length, FL; 0.1 cm H.42) 3 X OMAE (Body weight, BW; 0.1 g
HAL), AJERE R (Gonad weight, GW; 0.01 g i) % il
L, AhREREH (Gonadosomatic index, GSI) % LT
oX (1) I2& kD7,

(1)

FEIRI 2 LT 5720, KT (2004) IZHEVy, GSI
33 LL b oo AR A 2 SRR AR, 3 AT oD BHE AR 1A 2 o B AR
REEFLT. —H, HEAERICOW TS R W20,
REDHIE AT D R h otz B, EHBEINST XL
DI DS T B o 7RI BRI L 72

FREOWERICEEAROET A S HA (RFA) %
L CHZIRRAE L, LT o073k CREWT s g 80 i & Pk L 72,
WSS EEAME A OB A NS A0 % ek E E

GSI= {GW/(BW — GW)} X100

=

Ir
37° 00" N
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Figure 1. Sampling location off the Pacific coast of southern Jo-

ban-Boso area.

L, AEFRY = A7 VR (4 BHGA IR No. 105, L
KA MVT 2FE) TEM LU 72720, AHELGDHRIEL
A EENE L Z V., AL 2EARBEZ 5012
WAL S 72, ¥—# 3278 F—2 (1600%, Laicath)
FHWCTHAOH (Fig.2) %t X 9 I2JE X 200-300 um
UL, RERTEREOIR AR Lz (B L7ZUIRIE R S
A RTFGALICATYyF T2 A (#68, <NV b—F) T
B L, REEW~=F 27 284 L Th oL
(BX-51, *+VY v 23&4t) CTBIZEL 7.

<7 Y OF AR IZ BT & A BT HAZ L
L, REWHWIIEICIRBESINSL T EHBHLNITH% 5T
W5 (Yodaetal,2014). 2T, AMEIZBVTHAE
Wi &2 4FE & LTy, Hastilly 7 b =7 (ARP-W
ver53l, I MY 2 VATFALY YT ) IR W
T, Br o {EAREWR ONMELTE cofiz 5L
7o. FHNEHAEBOFM (Fig.2) ZBWTITWw, UT
DX (2) 12 X D BB EZ (Marginal increment, MI) % 3K ®,
HICX D2 MIOBALZ RS 2 & Tl Z g L 7.

(2)

72721, RBEAREE r 3B 5nEHOEREE TOH
HER FT. AR STV R D o 2 EIRIE AR BT 2> S
AL, EEEAT 1 ORIV TiEr, =0& L7z 4
TS SN B BICHEI 25 2 L2 5 (Fig.2), #
L O ML F L & R TIR 2 57280, SFElRDE %
2 EARE CMI &2 AL IS 2 Z L IEMESH 5. 7
CCARBIZETIE, FEEAT T ORIV TIEMIAT0.2 %
i, 020 04K, 040 06K 060 ED4X5,

MI= (R_rl1>/(rn_r(n—l))
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Table 1. Sampling date, fishing gear, range of fork length (FL) and the number of fish which were used for age determination and matu-

ration.
Year Month Fishing gear Range of FL (cm) Number of otoliths examined Number of gonads examined
2015 Jun. purse seine, bottom trawl 12.8-32.3 61 61
Aug.  bottom trawl 17.8-28.7 43 43
Oct. bottom trawl 16.8-28.8 39 8
Nov.  bottom trawl 26.6-30.5 3 3
2016 Jan. bottom trawl 13.9-29.9 29 25
Apr. bottom trawl 27.0-34.1 2 2
May  bottom trawl 14.9-31.0 26 26
Jun. purse seine, bottom trawl 11.6-32.2 98 82
Jul. purse seine, bottom trawl 15.5-30.6 65 64
Aug.  bottom trawl 14.2-23.4 30 20
Sep. bottom trawl 14.2-30.4 55 51
Oct. bottom trawl 19.4-27.8 20 20
Nov. bottom trawl 14.1-29.6 35 33
Dec. bottom trawl 9.3-29.1 31 10
2017 Jan. bottom trawl 8.9-17.8 15 0
Feb. bottom trawl 19.3-27.2 39 39
Mar. bottom trawl 14.2-38.7 46 46
Apr. purse seine 18.6-32.5 41 40

@ .~ : ~ Distal

/Dorsal

Proximal —

Ventral

- Proximal

Figure 2. Otolith section of jack mackerel Trachurus japonicus
sampled on July 12 (a, FL: 25.0 cm; ring marks: 3) and
sampled on July 21 (b, FL: 28.4 cm; ring marks: 18). C:
core; White line: measurement line used for calculation of
marginal increment (MI); White arrows: ring marks. Bar in-
dicates 500 xm.

A2 DL E O FEARIZ DWW TIEMIAT0.3 K6, 038 L
0.6 A, 0.6LL 109K, 0.9LL Lo4X 55T, $#
HH L IZENEFNDORX G D B EEBOEE % Kb 7z
GFRIE 2, 2017). S 512, EWEAENENL, 24,50
L3I THNOMIZILIRL 72, 72720, ERES
D EofEE2 AICREI NP o 20Kl E 75T
5.

KR DIERAE 24T 7200, H RN I W3 L 724
WHEFER L7, BoNRkan, thld il &
I NI HE2SMEA EImRAH) & L TREARR
TOHMERD, TN/ FUTLLT 25 A2 ERICHA L
7. Tbb, 10 HICHERE oA RE S N6
COMEMKIZ 15 AliG, 125 E L7 IR EOER & FL
Mo, TreL (4707 ML) OV S—HiEE T
W T LLUFIZR L 72 von Bertalanffy D i3k (3) D85 x —
5 — & IR IR I X Y R 72,

. (1—e K1) (3)

2L, LERICBTRALE, L, 3MBRAE, K
IHRERE, tldL=0L Lz EOFERHEERT. &b, <
TV OBEMEREEZ NS e S (B - B, 1994;
Yoda et al., 2014), AWFZE ClaEsE 2 X 549047 L7z,
HRET R
FEIIINIZ BT 5 GSIOMEHEZEIZDOWT, 7 = VF D i
THE L7z, FEIIIICIBIT A FL & GSIOBfR, B X U4F
L GSIOMRIZOWT, MEHIRIZLZET Y v ORE
B I 2 AT - 72, AT ICIERERT S v 7 — P R ver.3.22 (R
Foundation for Statistical Computing) % fv>7z.

L=L

#H R

FEDNER & R ER

1-5 A SR D GSHIZI R TH 2.7 246, M
DV TIFEMAPREIATH - 72 (Fig. 3). 6 HIHEREE
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DICGSIAZAIE L, GSIDmAMEIZHETIS, METI16.6125%
L7z, 7-8 I GSIDE WAL FIMI L7225, 9R
VIR IX A L, 9-12 B I3RS R S e 2o 72,
GSIHRVMEARZSHBL L 726-8 HIZBWT, 6-7 HIZIZGSI

WCHMEHEZE X RO SN o 7288, S HICIRMTHEICE >
7o GRS E S MEHEDFIBIAST & %o 7RI 117
AT, GSIOHPHIZ0.01-0.75TH o7, T HDOFEFEH
5, AWIETIZ68 HEZmEIM L E®k L, 7TH % Fhmli
H&L7.

IV BT 2 FL & GSIOBRE 25 &, HETIZTRT
DA TFL & GSIDOMICAERIEOBRFED b7z (Fig.
4a). —HMETIL, 6~ 7Hc:ciFLstmF=aﬁc:ﬁ%chE@
RIRASRRD S 7z28, 8 HIIZA B BRIERD S ko
72 (Fig. 4b). M _:bmfci, FL18.2 cm 2L b CREEEfk H
WBL LA, FL22 cm DL B CHGAVEA DB &H 28 L 72
(Fig. 4b). FL22 cm Al D BEAMEAOEI A 1E, 6 H T7.4%,
THT0%, 8H T43.5% CTdH o 7z. FL22 cm UL L o 2l
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Figure 3. Monthly changes of the gonadsomatic index (GSI)
for male (a) and female (b) of jack mackerel. Number
above the plots indicates sample size (n) for each month.
Horizontal dashed line in female indicates the criterion of
maturity (GSI > 3). GSI was not significantly different be-
tween male and female in June and July (Welch's ¢-test, p=
0.91 in June and p=0.62 in July), but female was significant-
ly larger in August (Welch's r-test, p<0.05) than male.
Range of GSI with unidentified sex was 0.01-0.75 (n=117,
data not shown) .

=

(1T

RoOEEIX, 6 HT64.3%, 7THT81.8%, 8HIZ0%TH -
7z

WL FEIIIIC BT A GSIOERE AL E, 6H, 8H®D
HEZ A B2 IEO MRS Szh, 7THOME, 6-8H?D
WIS E R BRIZEED SN h o7 (Fig. 5). M &
HIZTi L B Tld3-67% & HI L T GSIAMR W E A2 B -
72, MEDO PR O EEIX, 1 TIZ0%, 2 TIZ6H T
4.5%, 7HT0%, 8H T60.0%, 3l CTid6 H T62.2%,
7HT81.8%, 8H T20.0% TdH -7 (Fig. 5b).
Em AT R
A ORI B VT, MIAT0.2 Kl O kD E &
E5-8 I T, SHIT50%, 61269%, 7HIC
45%, 8 H1279% Td - 7z (Fig.6a). MI2%0.2 2L 0.4k
WML LB L 7228, FRico-12H &2 H, 4%
, EERD80%LLEZ ED 7. 0.4 L F 0.6 Ko M4
1A, 3H, 5H121330% D EoB&THBL22%, o H
TIHEA - 72, 0.6 L L ofifkid 1 BicoR B L7,

FEE DT 24 DBARIZ B WV TIE, MIAT0.3 Al O AR 1X
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Figure 4. Relationships between fork length (FL) and gonadso-
matic index (GSI) for male (a) and female (b) during
spawning season (June, July and August) . Horizontal dashed
line in female indicates the criterion of maturity. Significant-
ly positive relationship was found between FL and GSI for
male in June (»=0.61, p<0.01), July (»=0.59, p<0.01) and
August (7=0.68, p<0.01). Significantly positive relationship
was found between FL and GSI for female in June (»=0.40,
p<0.01) and July (+=0.62, p<0.01), but the relationship was
not significant in August (7=0.11, p=0.58).
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Figure 5. Relationships between age and GSI for male (a) and
female (b) during spawning season (June, July and August).
Horizontal dashed line in female indicates the criterion of
maturity. Significantly positive relationship was found between
age and GSI for male in June (r=0.40, p<0.01) and August
(r=0.70, p<0.01), but the relationship was not significant in
July (»=0.06, p=0.76). The relationship between age and GSI
for female was not significant in June (»=0.16, p=0.19), July
(r=0.17, p=0.42) and August (+=0.16, p=0.41).

6-9 HIZHIL, 6 H1251%, 7HI247%, 8 H1245%, 91
127% &2 1A LTwiz (Fig. 6b). 0.3 L 0.6 EKiio
kD EGIL, -7 AT THA L7z, 89 HIZhlT
THWIML, 10-11 AICEHTWA L7 062 0.9 Ko
TR EEMB L, 1-5 BB EWE A% 5o 7208,
6-8 BT THA L7z, 9 A DBRIEIR A 12mL, 12
HIZ1X100% & o 72, 0.9 EDMMEKIZ3 HIZRDZL
BL725 oA IZBIT2HEFMKL, 1H, SH, 812
HIZIEHERR S N o 72,

B DS D EoMERIC BT, MIAS0.3 A o i
69 HITHIL, 6 HIZ16%, 7HI213%, 8 H IT42%,
9HIZ17% % L 72 (Fig. 6¢c). 0.3 Lh_E 0.6 K o 614 1%
6-11 HICHHL, 68 HIZMEKETH - 724, 9 HIZIRK
Ll o7tk 1011 B2 TRA L7z, 0.6 LA 0.9 K
OMARIERIMOA 2B EIADA O AICHIBIL, 1HIC
FEWEEEZ LD, 3HICRKELSBAL, 20k
A5 HHTTHWINL:. 68 HIIEH AL, 10 L
BElEmmL 7z, 0.9l ho@AiZ3 Ailkd £ <, o
W2 ® 2 E AT - 72
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Figure 6. Rate of marginal increment (MI) level of jack mack-
erel which represented 1 ring (a), 2—4 rings (b) and > 5
rings (c) in the otolith section. Numbers above each bar in-
dicate sample sizes (n).

FRERER

EARE T e B0 1 A2 & B AR AR E O AR, 0-195% £ THE
s N7 (Fig. 7, Table 2). FL25 cm Afiii O AKIZITIT 4%
DFCTHOLNZD, FL25S cm UL EOMEEKRTIZ3-19%F T
MEIA VAEEASIRBL L 7. £ 72, von Bertalanffy @ & £ 31
UTo@EhRd STz

Lt=29.4(1=¢ 03 (T18) - (4=678, r=0.94) (4)

ZoRDS, BEHBEOFLIE, 1/ T16.0cm, 2% T
202cm, 3 T23.1cm, 4% T25.1cm, 5% T26.4cm,
6i%T274cm &R E NIz, 6L ISR 2 EENE L
<HEBEL, 10D ETIIEIFE L (Fig 7).
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AT I~ BRI T I N~ T VIZB W T, GSIAS
3V LMD RHMAIL6-8HICOAMB LIS &5,
RUFBIC BT LI IZ6-8 A LHEE I N, =7 YV KF
FERBEOBIREANI R S T 5 ORISR E (AL S
NBEZEZLNTWSA (HHE, 1990), ¥ FifF TO T
PIlIZ 24 HTH Y (Sassaetal., 2006, 2016), [H L < 2-4H
AR SNBSS R ISR S s LN S
T3 (K, 1972). —F, RREEOZ MO I
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Figure 7. Relationship between age and fork length (FL). von
Bertalanffy growth curve was estimated as: Lr=29.4 (1—
e*O.}S(lH.OS)) (n=678, I":094)

=

Ir

3EEBTI-6 A (FeH, 2001), fAkET2-6 H (BRA
37, 1986), PRELEHETS—7H (G, 1974), BT
56 OKIE, 1972) TH Y, WHIALHEICEHTHIIoN
THEIVAEL 2 AN H 5. AREFIETHE L N2 H B
B~ERIEHEOEIRENE, MAEOMA LD S HITEL,
ZofEimd —% L7z, 72, 2015-20174E12BWT, K
Wo<7 V- AT AICHBILTEB Y (EEA
1322, 2016,2017), AREFFEOREIM & —3% L7-. JER#EN
FETIE, BFICY 7 AMBM TR cm O DN R E
SNTBY, R TIHELATHAIERIMAICEFS LT
WAHIREER D 5. 5, KRR TRES N AR OT
AT 24T 2 L THLHMERREZHO2ICL, <=7
VRVEERTEC B 2 RUHE O Y - AR ES & L
TOBEEBET LT L LERD 5.

P T, REEACRGEE ARSI 2 I A3 <
FGSIDEWI ERMEENTWSE (KHIZ2, 2004).
AIFETIE8 HDOMEZ B CTFL & GSIORMIZA B R IED
RO b (Fig. 4), FFI2KE3MOBEERITH 25
FL22 emf$3% (Fig. 7) % B BMHAOE &2 L 72
(Fig. 4b). FL22 cm BL EOMEARTIX, 6-7 H I3 e 4R
OEER6E M LA D72, SHICIEAKE K TLTO%
Lol —F, FL22 em K OFAETIEX, 6-7 HITIZH
BEENTA% T TH o 7275 8 H OB EIE1L43.5% &
ol Fio, ElE GSIOBBRBIFIZHRBETH Y, 35
PLETIZ6-7 HIZ6HPLEAE L T 7228, 8 H121320.0%
FCTIT L7 (Fig.5b). —H, 2T, 6-7HIZIXl3 &

Table 2. Age-length key of jack mackerel during January to June and July to December off the Pacific coast of southern Joban—Boso
area. Age was added for July which was assumed as the middle of spawning season.

Jan. to Jun. Jul. to Dec.
Age (year) Age (year)
O] 1] 2] 3] 4] 5[ 6] 7] 8[ o[ 1o] 11] 12[ 13] 14] 15[ 16] 17] 18] 19] 20 O] 1] 2] 3] 4] 5[ 6] 7] 8] O[ 1] 1] 12] 13] 14] 15[ 16] 17] 18] 19] 20|
7 7
3l 1 3
9 2 o 3
10 3 G
1| 7 1 1
2] 5 2] 8
13 8 3] 2
4] 11 4 o 11
15 14| 3 15| 2 12
6] 19 3 16| 8| 12
17| 4 8] 5 17 2] 9 1
13 6] 4 18 6] 5
19 23 6 1 19 o] [ 1
20 6] 7] 1 20 5115 1
21 310 1 21 2| 13
_[22 2] 1 1 [ 7] 3
523 15[ 18 £[23 3] 7
o2 T 14 2 o [24 3[26] 3] 2[ 2[ 1
=175 2 5[ 5[ 1 =175 [ 10 3] 5[ 3 1 1
26 6 2 1 1| 1] 1 1 26 o 4 6 I 1] 1 3
27 2| 4 1] 4] 2 1 3 [ 1 27 4] 3[ 2 1 1] 1] 2] 4] 1 1
28 1 1 4] 2] 1 1 1 2 1| 2 28 1 1] 4 1 1| 3 1 2
29 1] 2 T 2 2 1 1 1 1 29 2 1 2 1 2 1
30 1 3| 1 1 o 1 30 1 1 1 1
31 o 1 2 1 31
32 1 1 1 1 1 32
33 1 33
34 1 34
35 35
36 1 36
37 37
38 1 38
39 39
40 40,
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Table 3. Comparison of estimated fork length (FL) at age in different areas.

Estimated FL (cm) at age (years)

Growth equation fitted to von

Sampling area

Bertalanffy growth curve Reference

1 2 3 4 5 6
Southern Joban-Boso  16.0 202  23.1 25.1 264 274 Lt=29.4 (1—¢ 03Ur108) Present study

Niigata 148 206 249 282 — - — Nishida and Hasegawa (1994)
Kumano-nada 18.3 23.8 — — — —_ — Yamakawa and Takeda (2001)
Kii Channel 187 252  29.6 325 344 356 Lt=38.1 (1— 0410+064) Sakamoto et al. (1986)
Bungo Channel 16-18 23-24 2829 — — — — Yakushiji (2001)

East China Sea (ECS) 17.9 233 272 303 32.6 345 Lt=40.1 (1— 0250+1149)) Yoda et al. (2014)

Northern Kyushu 166 231 277 308 332 — Lt=38.6 (1—¢ 0350(r06R) Nakashima (1982)

Central ECS 170 233 279 312 337 355 Lt=40.4 (1—¢ 03120079) Nakashima (1982)

Southern ECS 154 193 223 246 —  —  Lt=32.5 (1—¢ 0290147 Nakashima (1982)

A EDRBEPIERTDH - 7275, 8 H DBAEI A1 60.0% &
Frolz, INOHORENS, WM ~ERIEE T,
3 DL B O MRS IR CERE & D ITITIZ RIS A
HEAALTBY, ZHICERTHO 2MAIEINCIMA LT
Wb LRSIz, < YN Scomber japonicus TIE, & IFAK
ARHEIN A KB BLA A EESN L, /NBL AN C RSP
THIENHEEINTEY (R, 2010), RipRIZBT
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