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The biological traits of spotted mackerel Scomber australasicus
in the Emperor Seamounts

Yasuhiro Kammmura! T, Atsushi Kawabata?, Shiroh YoNEZAKT,
Masanori TakaHasHI*, Ryuji Yukami' and Chikako WATANABE'
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R A L. EYE RO R L EMIZ211.1-443.5 mmFL Th o 72, I X 2EMEEICL D, FEMHHEIZ0-9%
LR SNz, AEE L R LR OBFRA S KD 72 von Bertalanffy D R 3013, FL=432.7x(1—exp(—0.24(¢+2.59))) TH - 7z.
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Age, growth, maturity and food habits of spotted mackerel Scomber australasicus caught at the Emperor Seamounts
from 2008 to 2015 by bottom trawl fishing vessels were examined. Fork length (FL) ranged from 211.1 to
443.5 mmFL. Ages were estimated from 0-9 years by scale reading. The von Bertalanffy growth formula based on the
age-FL relationship was expressed as FL,=432.7X (1—exp(—0.24(++2.59) ) ), where FL, is the FL (mm) at ¢ (year).
Seasonal changes in the gonad-somatic index suggested that the spawning period extended from March to July. Stom-
ach contents analysis showed that the major prey organisms were Euphausiidae, Decapodiformes, Thecosomata, Salpi-
dae, Pyrosomatidae and Piscese. The year-class in 2008 was the most dominant and clear recruitments of other year-
classes were not found. Since previous surveys reported high egg production of spotted mackerel around southern
waters off Hachijo-jima in the Izu islands in 2008, it is likely that individuals spawned in these waters were transported
to the Emperor Seamounts by the Kuroshio and Kuroshio Extension.
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FC&IC

TNFRMAFEIE, WROKEWMOHRTH by T2 5 ADHSE
HEHLLERNFAETH Y (FAO,2014), AAFE
JE 38 TUE, < YN Scomber japonicus & T W NS, aus-
ralasicus 75 TE, HEINTWAD. P N0 F45M BT
HARGE~7 4V E ViR, 7)) 7 5 V= T, A74
FR EOIKEEETH 5705, T NO5 i
HARDNRE~74 )V E ViR, —a—F=7kE, +— xb7
VTR, —a—Y—5 Y F, AFVaRFEMN 78
THEEIH N QI E CTIEA> T3 (R - &
N, 2013). HARFIERREE FEINGE T <0130
AREFM AR S <, oAk, IR, REk, BEDE,
MR O ZAL L EiE - MARZB ORI E LD
TWwb (JEHE, 1970 : Kawai et al., 2002 3 3%, 2010 ; %
#1374, 2012 : Kamimura et al., 2015). —7J5, T~ %32
DWTIE, W, BERE, IR, UL R D,
=AM F)TiHRECIBNT, BE - NE (HEIEZ2,
2002 : FLH A, 2006), WO - IR (H 2R3 2,
1960 ; Tl g - 9% 3%, 2002 4 B - = 4, 2006 ; Rogers et
al., 2009 ; Yukami et al., 2009), {FHEfioMB (W L - £
Fl, 1960 ; H 2 1., 1961 : Neira and Keane, 2008 : Sassa and
Tsukamoto, 2010), 4F#y & M EIZH T 5 A A (Stewart and
Ferrell, 2001 ; #3134, 2002) AHEINTWDL 00D,
ZNHDOEMRIIWH T 5.

HZA T, TAC (Total Allowable Catch) (2 X ) 1997 4F
PO I NOER ML L BIREHLIEES N TN D
P27 AR B IR AR GREIEA, 20155 H1 kL 375\,
2015) 12 &% &, 2014431 (20144E7 A ~20154E8 H)
BT I NOEFEREL, KFEERHETIET79.177 b
v, Wy il REECIEN2G by EfEE SN (Fig 1).
1995 4£ DL O SR BEO I AR EUE, 529-3,091 FT i @
THER L, 2004 4F & 2009 4F 1 HBAE MR TE DS T4 L 72 L %
AbNTWA, —F, WY FHilRFEOMAREIZ 145-553
TR EHBWEELTwD

HHE 165-179°, kﬁw5?®$%k$¢ 7 % gl
B, REWmILAE XN, LR LK% 300-500 m D
MBI B VT, 1960400 & HARUMNC & 5 i iEE R &
8 0 2 R P LB E T b N T E 2B CTH 5
(Fig.2). TN HOWFEITH L TIE, dLREEERSEE R
54 (NPFC) O S ikl L LT, Bt 7% — 3 —
WX B 7= EMTbITWD, REMHINIFESICE T 5
HARBEAC & 2 MW & s % F L 72if%e (A,
2004) 12 XX, 1969-2002 4F 0 MR O AMEIF I BT 5 £
WHEW X, 7Y Hh ) VKR E A Pentaceros wheeleri, F ¥
A ¥ A Beryx splendens, * * A< b7 5 A Allocyttus folletti
ThHolz. TOH, SN PAEICL S L, 20094 DIFE,
WY 7 — 7 SN RAES IO NG L)X R Y, WiEEC
MR OWMD A SN LS, AW THEY % 4
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Figure 1. Total biomass and recruitment of spotted mackerel
Scomber australasicus for the Pacific stock and East China
Sea stock (after Kurota et al., 2015; Yukami et al., 2015).
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Figure 2. Map showing location of the Emperor Seamounts.
Specimens were collected at Koko Seamount, Yuryaku Sea-
mount and Kammu Seamount.
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AEFZETIE, T~V NOME, Bk, &k, EEEHR
EDAREAMAOER & REMRILIESIC B L 72T~
INOHBRHEE A OG22 5 2 & 2 HIIZ, LYifpil T
SNz TN DR L R LK (Fork Length: FL) @ B4R,
HEFE R R R 4L (gonad-somatic index: GSI) D&%k, B
NI ORRZ AT 5 L & I, Mo M L
WL THEYFIREEE R L7

MR EFE

BEXA

2008-2015 412, REMLFIOGFMEIL, HERGHEIL, AR
L E L O IKEE 300-500 m DHE T, EFEEKE EHHIC L -
TSN N g A il L L7z (Table 1). 23
FMOBIE T L O N g R O & D oML B X
O HAF R B F 7 — N — KA L, iSEnsH & AR
DIEZAT - 7. EMEAROIEE, — R OB T
SN NELAFEO) BRKSORE Lz WFEET,
Yi - LM (2013) 12PN B MBE ORI E % 17 - 72,
HUER OB KS0RBIZOWT, BELE% 0.1 mm ¥l
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Table 1. Number of individuals (N) and range of fork length of chub mackerel Scomber japonicus and spotted
mackerel S. australasicus collected in the Emperor Seamounts from 2008 to 2015.

S. japonicus

S. australasicus

Year Month N used for growth and GSI analysis
N Fork length (mm) N Fork length (mm)
Male Female Unidentified
2008 Oct. 0 1 323.6 0 0 1
Nov. 0 3 216.2-223.6 0 0 3
Dec. 0 4 375.6-382.7 4 0 0
2009 June 14 258.3-395.5 35 225.6-420.0 12 12 11
July 7 253.9-363.3 24 225.8-378.2 0 2 22
Aug. 0 0 0 0 0
Sep. 3 367.0-376.4 8 268.6-392.9 0 4 4
Oct. 5 251.4-368.4 70 233.8-400.6 0 7 63
2010 Feb. 3 366.7-405.4 24 368.5-395.8 13 11 0
Mar. 0 193 236.9-387.8 2 63 86
Apr. 4 291.6-305.1 67 265.4-306.6 1 37 29
May 2 307.7-373.7 10 345.8-389.9 1 3 6
2011 Apr. 0 23 269.0-335.2 5 13 5
May 0 6 270.3-390.4 4 2 0
2012 Jan. 2 323.4-402.3 60 303.8-415.2 19 30 11
Apr. 4 337.0-354.8 110 291.0-410.1 57 49 4
May 1 337.6 55 295.7-422.7 26 27 2
2013 Feb. 0 64 331.8-439.6 6 4 0
Mar. 0 24 361.8-428.2 8 2 0
Apr. 0 109 306.6-388.0 21 9 0
May 1 367.5 52 305.8-407.2 10 10 0
June 3 360.6-405.8 118 324.2-421.5 26 24 0
July 1 402.3 24 350.5-414.1 5 5 0
Aug. 3 362.5-394.1 329 333.5-435.1 28 42 0
Sep. 2 377.4,400.4 258 337.9-420.9 28 49 3
Oct. 0 151 343.7-438.3 24 16 0
2014 Mar. 0 72 248.4-391.3 21 8 1
Apr. 29 227.4-406.9 328 241.7-431.0 48 47 13
May 13 235.9-394.9 165 211.1-435.0 30 30 7
June 26 282.3-390.2 384 250.9-443.5 74 63 5
July 5 362.4-385.3 236 288.2-433.4 44 42 2
Aug. 10 355.5-403.7 92 351.2-419.8 17 19 0
Sep. 0 25 358.6411.0 7 3 0
Oct. 13 353.0-390.4 60 355.5411.0 7 10 9
2015 May 2 379.4,395.2 37 350.2-408.5 5 4 0
June 1 392 22 360.6-410.5 6 4 0
Total 154 227.4-406.9 3,243 211.1-443.5 559 651 287

PR, AR ER % 0.0l g AL CIlEkL, RXRELAED
MR R 7.

EWMETE ERRADHE

T[] 52 DA% 5 T 38 &g S 2R 8 8 50 5 & i
L, A (1987) ([CHD XAEREE T ML 2. F
8 (1987) 1%, T NOEEO GBI I % BN & 72
53 THELTWS., RUSETHE SNz T D

My, 3-THTHo7/Z s, SHIHZIMED E LTE
A N L7z, JGSRBEMEE T TR AT L, dWmkir
P 7z BEAROHEEITH VAR AZ R L ) RO
7z

=4+ (M—5)/12 (1)
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ANFBg SN, MIZEEN 2R

&3, von Bertalanffy DR & Y R 72, FEli L
HWET— 20, RNZEEIZLIHESANDOHTITD%E
17z,

FL=FL ., (1—exp (=K (t—1,))) (2)

FLIZER D &L EDORAE, FLOAIMBRAE, KIZKEE
BRI, 3L 2R,

R 3.0.2 (The R Foundation for Statistical Computing) % F \»
T, von Bertalanffy D K3 & ME#E 2 M Z T DWW TRD,
ARAE (2007) 1ZHEWV FREELS & 0 B o e HE 2 o 47 i %
Mead L7z
GSIDEHMZAL &£ BB YFEN
AERERROBIET X o THEHER ) 2 47\, AR & 384 5
57:0, UTOX05GSIZRD7.

GSI=GW/BWX100 (3)

GWIIAFHIRE R, BWIIAEZ /RT.

BUSER R 2D K S0R O HNEWIENT % 17 - 72,
WHR & 72 I X EARBMEE T T, MWERE» S LOR%
M HRAT - 7275, Auie b oidM, MFEcel,
R EO—IE TR OS5 CHRE L7z, HbastEA
B, AP E U Tlo 7z T RIS 5 H N
BRI L O MBIROHGHEEZRD T, HBME (%F)
L7

B 2

BEINh-YNELAEORHES CEHER
REGILHEE Tl b N 72 @ I R HIE I X A2 N g
HoER L, Bt 7 — 3 =12 X1 20092015 4E D 1]
FLER S N TV7z. 2009 4F DYERIT 1.7 b > & il 33
NTH o205, FDH20104E (402 F ¥), 20114E (40.8
b)) LHBERNIHIINL 72, 20124E136.7 b ¥ & —BERIC
WAL DD, 2013 FE0ERIZ22 b >, 20144121
1,269 b > L BHZFEICHIML, 20154F 1342 v E WAL
7o, WEHIFICE->TERRLZ DOOBBLREF~KF
W% 2o 72 (Table 1). ¥/ NE S B AR O i [7] 52 O 3,
154 AR A3~ B 28 (227.4-406.9 mmFL), 3,243 k5 T =
HNT, HRHOEE TIE T /30583-100% & 8 5 L T
W7z (Table 1).

v HNOREXR-AE/RF

BIESI NI NDORXEAMREMR%Z Fig. 31277,
I HNEAROR/MEE (BLE) 1£84.0 g (211.1 mmFL),
WRAKE 13 1330.5 g (443.5mmFL) T - 72 BIFRITK
XTI N,
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Figure 3. Relationship between body weight (BW) and fork
length (FL) of spotted mackerel Scomber australasicus from
the Emperor Seamounts. The regression line expressed by
BW=8.34x10""FL** (+’=0.91, p<0.001, N=3,243).

BW=8.34x10""FL** (=091, p<0.001, N=3,243) (4)

BX R & FREFFHERK

2008 fE IS S N7 T~ N0 )R L P 1 216.2-
382.7mmFL CTd o 7223, $EAKIIA % h o7 (Fig. 4, Ta-
ble 1). 2009 4E 13 250.0-259.9 mmFL & 380.0-389.9 mmFL,
2010 £ 13 280.0-289.9 mmFL & 370.0-379.9 mmFL |2 — F
A S N7z (Fig. 4). 2011 DIRE, 2 SURASIZ HIETE 2
AT X HITARY, 20114E @D F — FiZ320.0-329.9 mmFL,
2012 4F 1% 340.0-349.9 mmFL, 2013 4E & 360.0-369.9 mm FL
THo7z. (Fig.4). 2014413 270.0-279.9 mmFL & 370.0—
379.9 mmFLZE— RS SN2, 20154E127% 5 & ALK
13 380.0-389.9 mmFL IZE— F & o HllgIE & % - 72 (Fig.
4).

ERA T ORE R, SN TP NDERNT 09T
BoTe. AR & AR ICIXIZR L7z (Fig. 5). 2008,
2009 4F (2 S 72 I oNIE, 2003 SEMLAE L 2008 4k
BENRERTDH o 727%, 2010-2014 4F 1% 56-85% % 2008 47k
B 72 20154F S AAREIE A v b O D 42% H32008
EREETH o 7.

&R
BARR O G & R L E2 S HEE S 72 MR @ von Berta-
lanffy O K ERIFRAX TR E N,

M+ FL=480.1% (1—exp(—0.14 (++5.06) ) ), N=524 (5)
W : FL=467.6%(1—exp(—0.17(t+3.87)) ), N=563 (6)

FROEIZE ) REROMMEEOFREZREL LA, H
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Figure 4. Fork length (FL) distributions of spotted mackerel Scomber australasicus collected in the Emperor Seamounts from 2008 to
2015. The sample size and mean FL=xstandard deviation are indicated for each year.

BAEIERD LN oz (F=245p=0.06) 2 &b, F
PR % & D AR A E 24T o 7ok 2 v TR ER %
Ko7z (Fig. 6).

MR % Table 1IZ/RT. §XTOETL2H L8121
DGSHELOLTTH o7z, AT % Brn THERDSK H Hi-
7220134 £ 20144E% A &, 20134E13MEEE B4 A D5
20134 1T MEREE B3 A5 EH L7z 20134E15, 6 A 1CHE

A FL=432.7%(1—exp (—0.24(¢+2.59) ) ), N=1,270
(7)

BERD S K FEMEORXELHEL 2L T A, i1 T
250 mmFL, 2 j% T 289 mmFL, 3 j% T 320 mmFL,4 % T
344 mmFL, 5 j% T 363 mmFL, 6 j% T 378 mmFL,7 % T
389 mmFL, 8% T399 mmFL CT& -7 (Fig. 6).
GSIDZFHZEAL

W HE SR D 72 GST O fiti o Al o %&b % Fig. 712, i

HEDGSIS6 2R, 201441346 HIZGSIN T2 R T
WL 7THICRDEGSHIMETL, SAUKEIOLT .
oz, EDNOEIIOVTYH, BBULREFNLEFOH
B GSIAS LA LT 7z, ERRBIEOKE, GSI
Do 2RI, IREEPICRK L 72& I 2 A5 %
RSB BTz,

Bt
BNEWIRNTOMER, Hss, ksl M,
By, Rasm™, F~a, v THE,
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Figure 5. Year class distributions of spotted mackerel Scomber australasicus collected in the Emperor Seamounts from 2008 to 2015.

The sample size is indicated for each year.

EVMERINTz. TS, X7 I, A A ARE
JRF, VSRR, e ) RYE, MO BSOS
o7z (Table2). F7z, WiRA%6.9-75.0% & 2011 4 % [
WCEBEECTHB L2 20114132 B B BUHEE )
20.7%, 2014 4F & 2015 4R 130N 7 4 7 Y RHaE o B BEREE
A5, 10.4%, 15.8% & B WM Z R L7z,

%z =

XEFUBBETHEESI NI YNOBERES
20082015 4E 12K Bl 1 Tl S - NB a0 %
KBTI HNTH o7z B TIE, 1979-19824E12V €
I M HIRDOWEANC X o TP HIE S N2 13 H B8
(Clark et al., 2007), TV NOHBEFEHRIIHRE SN TE

W, F 72, 20082015 4F IC K BIFINER CiliE s iz T~
PO R LR & ERMECK RS, HED DL R
2008 SEMEBEIC X o THER S NTHBY, TR, BHEZH
BIMAMKIZED SN h o7z, HARELHBIZBT S
2008 SEMEHED T DM AJR B, KTFEHERREDS700 fi%
B, WY FipREENISSEREFEEINTBY, oiEL
Wl U CAERBFE IR o7 (Fig 1) 2 &n5, 4E
BB O R S OIEKRICEHES Lz Li3F 212w,
N vy —x17 (1985) 1%, PFUGEREE L & H AR BT
WECCREIN S Nz~ N OI), [FREfAS, B Bkt
2 & 0 REHFLHER F Tk S AR 2R D 5 2
&, F7z, WMOBENIMAD WS, ROHIEAES
% 2 L DTE R\ WHEIE IYAERRE F 72 3B AER I 2 T
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Figure 6. Relationship between fork length (FL) and age of
spotted mackerel Scomber australasicus from the Emperor
Seamounts. Von Bertalanffy growth formula (sexes com-
bined) was fitted (FL,=432.7% (1—exp(-0.24(¢+2.59))), N
=1,270).

LU H 5 Z R L TWA. HAG B FEERD
T HNOEIVRIE R T 5720, R 21-27 SEFE
Tay 79 - i, 7T v b v ERASEE S E aE A
e A (AR IE 22 2009 ; & ZH 2 13 A, 2010, 2011,
2012,2013,2014,2015) % &M L 72, 2008-20154F D I <
HoN o F 0K DX ) i R R R A RS XU, 2008 424
W EEERO /LB ORI B T, BEMr <X
IZIEFIZE L O T NP RE SN Z LS
TWwb, —F, 20085E PN DIETIX, RiFICBIT 5 T
SYNBLOYINOEIR=IID o7, L2t T,
2008-2015 4F {2 K BLifip Il il 3 T S 7o T = H N g,
2008 A IS E RO AL B HOMR TRl s, B -
BRI & - TR BN % S N7 BR DS LR L
VAR XORE X =3F (Wl
MEROITHNOEHERRICOVT

T Y NDIERE HEICOWTIZ, BARBRERE +— 2
NS TR TOMALSH S, EREITH (2002) 1F, KE
K2R L TRV D OO, EREECHE T & OFH & K
Bt LCTwa, B, &AM, B~
M S W T N O KRR ORLRH#HMIE, 1% T
250 mmFL # B, 2 % T 300-350 mmFL, 3 &% T 300—
400 mmFL, 4, 5% T 350400 mmFL CT& V), AWK F
OFPHEBBEARA—FHT 5. F 7, Stewart and Ferrell
(2001) 1&, +—bF ) TEHAHTKGT Sz 0-85EAD
I 3% Fl v Cvon Bertalanffy O i £ 2 i L T
5. BEADPSHE SN L LEREORL R, WM1mKT
257 mmFL, 2 % T 293 mmFL, 3 % T 320 mmFL,4 % T
340 mmFL, 5 % T 356 mmFL, 6 % T 369 mmFL,7 j& T
378 mmFL & 72 V), KRR L IZLALH U TH - 72
K EL LI T X 7 I N0 4E R & R E O BR
&, MHES O E & R E VIR SN o 2R, I
B RE R MR L nwZ 2 inAz, FRBEICX 2 RED®

WASH DT EMERENTWS (EEITA, 2002) 2 &
LERLHMMOERPLETH 5.

FEOREA LB, {FHMEADEIX & @

Yukami et al. (2009) 1%, W Ji#ECHES N7zl T~
INDLBREAGSIDZAL D S, B HI Wi FHE % GSIA%2.6
PlbEE L7 AIRICBWT, Zofiz@HT 5L, 3-7
2GS 2.6 DL Lo ffkAasififi STz & n, K
B IHEIC B B T N0 - X337 AT
HolbEZONS. Tz, ABRBIZICLY, JIENIC
WKIRASRD HNI=Z LA b b, KRR THEINZIT-> T
7ol ARSI NIz HAYE LR T< H DR
W&, Wi ERTl-6H, EHET2-6 1 &G
ENTWBH (W7 EIEd, 1960 ; N - #£3%, 2002 ;
Yukami et al., 2009), K ELifE LRI 45 0F 5 7 51 B 46 ke 10
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Figure 7. Monthly changes in gonad-somatic index (GSI) of male and female spotted mackerel Scomber australasicus collected in the

Emperor Seamounts from 2008 to 2015.
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Table 2. Frequency of occurrence (%F) of prey items of spotted mackerel Scomber australasicus collected in the

Emperor Seamounts from 2008 to 2015.

Year 2008 2009 2010 2011 2012 2013 2014 2015
No. of fish examined 8 137 294 29 225 320 491 19
Prey taxa %F %F %NF %F %F %F %F %F
Crustacea
Euphausiidae 0.0 2.2 22.1 34.5 16.4 18.2 16.1 53
Decapoda 0.0 0.0 3.1 0.0 0.9 6.3 0.6 53
Brachyura 0.0 0.0 0.0 0.0 0.0 1.3 0.0 0.0
Copepoda 0.0 0.0 5.4 0.0 0.4 0.3 33 5.3
Hyperiidea 0.0 0.0 2.4 34 1.8 0.3 0.4 0.0
Gammaridea 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0
Caprellidea 0.0 0.0 0.0 0.0 1.3 0.0 0.0 53
Isopoda 0.0 0.0 0.0 0.0 0.0 6.0 0.4 0.0
Amphipoda 0.0 2.2 5.4 0.0 3.1 0.3 0.4 0.0
Unidentified crustaceans 0.0 5.8 9.9 69.0 51.6 10.3 14.6 15.8
Mollusca
Decapodiformes 12.5 1.5 1.7 34 53 9.7 5.0 21.1
Octopodiformes 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0
Thecosomata 0.0 1.5 45.2 13.8 11.6 53 54 0.0
Unidentified Conchifera 0.0 0.7 0.7 0.0 0.0 0.6 0.4 0.0
Polychaeta 0.0 0.7 0.0 20.7 7.1 3.1 6.1 0.0
Nematoda 0.0 0.0 1.0 0.0 0.0 0.3 0.6 0.0
Cnidaria 0.0 0.0 0.0 0.0 3.1 1.3 0.0 0.0
Holothuroidea 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0
Thaliacea
Salpidae 0.0 0.0 48.6 34 7.6 11.9 9.2 0.0
Pyrosomatidae 0.0 0.0 23.8 13.8 0.9 6.3 0.6 10.5
Vertabrata
Enguraulis japonicus 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0
Maurolicus japonicus 0.0 0.0 0.0 0.0 0.9 0.0 0.0 0.0
Polyipnus sp. 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0
Myctophidae 0.0 0.0 1.7 0.0 0.0 0.0 10.4 15.8
Clupeiformes larvae 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0
Chlorophthalmus 0.0 0.0 0.7 0.0 0.0 0.0 0.0 0.0
Fish eggs 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0
Unidentified fishes 25.0 26.3 11.2 0.0 5.8 44.5 15.2 31.6
Scales 0.0 8.8 2.7 0.0 7.1 7.8 223 0.0
Otoliths 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0
Sand and silt 75.0 67.2 62.9 6.9 21.8 57.4 48.4 42.1
Digested materials 37.5 54.7 53.4 89.7 54.2 45.8 38.6 73.7
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