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Estimating gastric evacuation rate and daily ration of chub mackerel
and spotted mackerel in the Kuroshio-Oyashio transition
and Oyashio regions

Sayaka NAKATSUKA'", Atsushi KawaBATAZ, Akinori TAKASUKAZ, Hiroshi KUBOTA?,
Hiroshi OkAMURA® and Yoshioki Oozek1'?

Gastric evacuation rates and daily rations of chub mackerel Scomber japonicus and spotted mackerel S. australasicus
were estimated using the stomach content weight and sampling time information from a data set of trawl surveys in the
Kuroshio-Oyashio transition and Oyashio regions in summer, autumn and winter from 2001 to 2007. Gastric evacuation
rates were calculated for three ranges of sea surface temperature (SST; SST<15°C, 15°C=SST<20°C, 20°C=SST)
from the data collected in autumn, and daily rations (daily amounts of food consumption as % of body wet weight) were
estimated for different ranges of fork length, three ranges of SST, and three seasons. Gastric evacuation rates were 0.13
to 0.16 in chub mackerel and 0.05 to 0.19 in spotted mackerel. The estimates of daily ration per body weight were 5.8
to 14.2% body weight in chub mackerel and 3.8 to 23.3% body weight in spotted mackerel. Mackerels indicated the
highest daily ration in the SST range of 15-20°C in the feeding grounds in autumn. Daily rations at SST <15°C were
much lower than those at SST =15°C in summer. This pattern indicated that the feeding activity could be depressed at
temperature lower than 15°C in the nursery grounds in summer and feeding grounds in autumn although the daily ra-
tions were relatively high at the same SST in the wintering grounds. Daily rations of mackerels indicated high values at
=15°C in summer, whereas the rations indicated a peak at 15-20°C in autumn. These trends suggested that the gastric
evacuation rate and daily ration of mackerels were influenced by SST and seasonality. Overall, the estimates of gastric
evacuation rate and daily ration were consistent with those from previous experimental studies and those of congeneric
species in other ecosystems. Hence, the present results would provide a general pattern of these parameters for mack-
erels.
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A0 VR YN e E O/ ESHIE ) KARZEENIC IR L
TR LB REF 2R Z RSN TWD (Kawasaki,
1983). ZOBIRIL, KIELB WO IR EE LA L
THPRHERE 2 28 & w5 R, /NI SO P AE R5 1S
B AEERBENENT S0 THDLHNEINE I 1S
W, e, AFHEROARE N AT, HEROFETER
DOHTERICHELPMARBREICBNTLRHNTHS Z L
M h > T & 72 (Houde, 1987; Bailey and Houde, 1989). 3T
P PRI B 2 2 5 U TFHER D SE RIS B & KU
G OMETE A P 5 7212, PFEEREE R0 AR BT Tk
TEENBED R & i B4 2 8 H 2505 s
TR E N TS, TORE, [HIREE 25K A

— 105 —



IR, N, EZEEPIL, AGRE R, RR TE, RBEDYOR

BIRMNICAR T 5] &9 2R - 45N (Anderson, 1988)
iz, RS A4 X Miller et al., 1988) KM E (Taka-
suka et al., 2003) 2HH R TR T SITRIZTHEIIOVWT
MR EN T/,

—J, BREZSSRERHE % I U THHER AR O3
FEICIESHE L ERT 5720121, ERABRS A
KTdhD. BEREDKECHAEYBRIEO RS & B L 72
BATROZN LML T3 Z e 2 EETIE, KR
EVIBRIR O FL e BT, AHERMFER IR HIC K D
FEf R BEOHEER R A2 D& Hby 2 TIMRGE S BT L
55, LaALADS, Bk 2HigEO HEEHEESR
AR ORI 28BS TH D (Olson
and Galvan-Magafa, 2002; Yamamura, 2004), ¥ ) FE 5
OHEEFERE OXLIZN#ETH 5. ZOWRIL, #irEs
WETA7-20DOWNHEILREETH S Z L IZ Kb A
5. W BT i HEOBMEEROEREN /ST X — 4,
bbb EPEHEE P H S EOHEE IS, HREEAY
ZLDIEENHHERE &£ 57280, W k% 24002 Dh
Too THEHNIRET 20BN H 5. X 512, HPEHHE
& HEHEA R IITH P KREL O ELZ T2 EA 60
2728, ZOHEIZIIWALEFTAESL NHEREhb L L
5%, ZOMEERIT 720120, B 72 S KB 5 384
AT AL QEETH 570, W RIRFEIZE e % [X]
3 Ecik, BRICRBBICODE > TER S - BERE
F—2&ZWHLT, ok 2HaE 0 B HktEmE e H
M RO T ARAD Z AN TH A .

INRUPE ST HE S D B £ & AT 9 5 1213, FEBRIC Bk
IS K o TR AR E WA LT 5 Ll & h 5 2=
CUHR A D T A D 50BN D 5. DA EAEAH]
BT SV U Y EO/NRREIL, FICA»LRIC
2 TN 2 & B % pEINIG & U, L U 727 f
FENC IR S TIPS S h =1k, BEAKBERPBEAK Z b ) —
v HEU BWHR AR T, EhoKIC,T CERIBREICET
9% (Watanabe, 2007). Z 5 L 7=/Nz o o [a]567 24 g
ZIRBRL T, FOFMHEEIATICIZZ < O Pk RSER
K U, AN ROEIFHES A G SBT3 5 (IR IE 2,
2006; AFRENZEA>, 2001; —F, 1996). i LHIEHE DR
Rizkhig, Zowmgicix, A8, hvEk, ¥V Fa,
v AV, $oSEES (%923 Scomber japonicus 5 K U
I~ Y INS. australasicus) 75 E O FREVEBEHO KE DR D
SENBH, FHZH N EFIHD S A 5 3o fa g e foIC
WRTE &, BRI, (FHEREICHEEEE RO
FREINS 0 5 A H BT b B RS AT IR Hik S 7z
B, FMRA L RATDNE U, BRI A S A nliE g
BLEZLNTEHY (FHEFE, 1973; ¥iE, 1999; Wata-
nabe and Nishida, 2002) , HEffilH 5 fafPEE2RL, ZD%
& ke U NIRRT HES A TR 3 5 720 (I - V6%,
2002; B - <H, 1958; fEHIZA>, 1961), SHIHEIREIT

IR & BRI B SRS T/ NI RO ARG R AW U
THETIORZWHBETHSEA26N5. Ld-T,
PNBFUHO B PRI EE & A BB EOHEEIL, FEJEIF
MO B B EDOMHIZ BT 2 IREERFEDO—DTH 5L F
A5,

BilEFERTIL, BEIC~ 9 0 HPEHEE & H BB RO
HEEIARE SN TED, FFH - WS, 1969; Hatanaka
and Takahashi, 1956) KGNS, scombrus Tl , filHHE
BRI K > TARZALIZHE S BHEHEZE O Z L & J 5 T
% (Temming et al., 2002). HREREE T Tid, SFAEMMER
(FeEiz 2, 1968; PaA, 1959), HERIZfPES A0 21l
(Castro and Santana del Pino, 1995), HNAEWHEE (LREIE
7, 1968; Hatanaka et al., 1957) DHIABHE LN TS,
L2 LAaAs, BRI W T~ Yy & BT AR
T 5T HNOEMAERRICET 2MAITIEEAERENT
B569, 72, Y OFPEHEE & HBHEAT & & [R5
OENBIR T CHEEMEAF oM THhs b Tidkn, Z0
728, vHNB LT YO @ IC W TR
WHERAEEBR L2 LT, B 2FREZ S ICH P EE R
H AR & 72 AIERE ST X — &4 23K, #EOH
Ge B BRET T 2 BRI AT N,

DHORETIE, v NOmaMEE NS & LRk
FE b v = LEEAEGRIC T b T E TR D, FRERFNZ
IR 24FFBICh 72> TS, 2O b — L&k, 4
EfFSHO AR A FRE L C, HEDOEFY TCOFHER
ML, EORMY TORMMLERFL, £F0MEY;
TOFMPAED I D TR I N T WS, HREE MY
5 fH o H BB ALEHEE 12 LI LIZH W 5 43 Elliott and
Persson (1978) DHEEETIE, D & RERFAEHN
BYEROT -4 BREE S35, AT — 212132
NEDEHERPEEITN TS 7280, 3 E RO FHEHHRE
& HHEAROHEE L TRET H 5.

AR TIE, ThETICEMINRE b o - L FER
ROF—2Xy b EHNT, v 93 T 43D H RS
Tk T2 HEBMY X285 212 L7 LT, Elliott
and Persson (1978) D F-1AIZ & 0 Wi Fafl B PE S & HE
BATRZHE L2, IR L T, EMENTEs 25
7 — 2R ST B EEEH AR L IHLIRREDRC
g% & Nk U C RN 2 A PRI O ZZ L DSR2 152D,
SR SO AW I A T Ak & i A B RE L TK
MmOFEEIZ DO THEREARD MET L7z, —fi%iZ, T~vH¥
Fe oK DBk (B4 - B, 1998), Ak
HPWAKRE R LS EZFLONTWS 2D, 2R UK
WM CHIR T 5 2 & TRIBOFEIZB T 2B OEE %
& U 7= & 47 5 7=,
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MR EFE

F—4tv b

BHICH W 3 T NDFHF — 213, 2001-
2007 412 W LK BEERTZE AT & AL IX K BERTZE AT 12 & 0 S
BT Lok T X - £ o — L #EIc B W
THREI N (Fig. 1). HEARIZ, EF (5-7H) OfFfEfsy
M, E (8-10 ) OREELERH#AE, 4F (12°)
DOBEATHFABRICLOREIN/ZEDTH S (Table 1). FL
Tid, dbBEUL (664 + ), BHVEHRL (2630 + v, 1RIEA
(887 b v ), FHLPAER (499 b ) 1Tk, WO
30m, Iy FTY FHA12-17mm (EBUL, BEL, 5
LhFER) & L<IE, MOEYSOm, 2 FY FHA
17mm (BHEEHR) DR b 7 —ILHgD 30-60 7 AT D
hiz. JEINZw I N TvH0E, A ETHRSRT X
Nizth, MMRBICEVWTREXES Immiif;, KE (RE
&) F1gHfr, FNAYER (WER) %001 g Tt
MWL 7=, R REAZER LT — 2= 2121F, v ¥ /3L
ISR, FREH, REGHAREL], R, PRAE
fiE, PFERO R AR (SST), BXE, hiE, HNEW
HRENAFEN TS, K2 T, BB, PREERD
B, FRERORmANR, k&, FNEWER > TH5
T — & il U TR I U 72 (Table 1), fRATIZ AW 72
T =2 D70%I1213, T H AR S IHLIRED I &
it EhTnadz8, Zhs 0wl aEHE R L 7.
HEEREEOX Sy LT, s-THEZEZE, 8-10H %
E, 12A%2&FL L, 610, BEBICKEIZHY
5 PREMARE & et U 72465, EREEMEORERD € —
R 14-15°CHHETH 2N TH D, XEOREIZTRTE
MAKEISCUL T TH B, HELMEORERD
T—FH21°CHHETH AN TN Z L2 6 (FEREBM) | R
HEIRE O K KR T A AR O HPH % 5 & 2 35553 % 15°C
E20°CERXYID & L, 3DDK4 (SST<15°C, 15°C=SST
<20°C, 20°C=SST) 1= # L TN %17 - 7=.
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Figure 1. Sampling location of chub mackerel and spotted
mackerel during the trawl surveys in the Kuroshio-Oyashio
transition and Oyashio regions from 2001 to 2007. Different
symbols indicate different seasons.

EEAE )RR K
HNEMERD T — 2 BMFAEL 727 — 2 3B EY Otk
LT, e rF4 oy, o FERHO - DL
WAZAZ I FA TN EEEND), A 7, 4+ F
7O, BEME, vmHE, W B EE & R 2 B <
NRIFGESH), ZOMO STHE MRS T\ 5, SEHiIK
T, HNEMOLLE2 B - 7=z fARBu LT, #EH
DETED D ELERD B B EERE DA 73 %KD THK L 72,
VEARIZERDOEEMOLE LR D 5508 b -72720, A
HrEOMANT 100 L& 25> T b,

HREEEY X L

BUERAAEIE SN A FREERSI S LT, REH 720 BNEYE &
(%) OEEEZAL,» 5 HEEM Y L &5 &L 812,
HNEYOGEIR 2 & WLERE 2 XD 4 BERS, Phase T (fH/E
WIFEDRCR 2 B B 1 FRIEL & D FEdi A3 H A E{A) , Phase
I (HILER TS &S Eeib & AR O R & 2 [
k), Phase Il (IFIFWHL T TV B &I ECikA & 5 H |
AEWTE D LR 23 2 W IAK) |, Phase TV (22H & L < 137HAL
WADRAEYFEE 5 50k A b AR 125 TP L 72,
25T T, MHEMRORLIKA & 1UL, RIREIZHE2
HEA TS LW R D > 72854 T & Phase 1IZIX 57
5k, KOKRWLICH - =& 552, 7—4
DFCab A S IFFERI 2 BN T B > 72, TIC Y725 T
&, PREERERNAY H 0 i O K SCHABAAGIRES] 2> & H 512 D
FROCHEAFE TG E Ca B, SRR 2 B %2 0O R
P T IR0 & H O MU T O K SCHEA R GGEER &£ T 218 &
L7z,

BHEHREDHTE

HHEHEE L, B AW RO EE & R Ll
THZLnoRoNIEMOMEZOHEEME L TEALGN
% (Elliott and Persson, 1978). L2 L, HNEWEEIIAK
PAZXBRKREL BDLEWMTEEDLEELLNEDT, K
FHICK > THBTH2LERH S, £72, KIS K B PEHH

BORMBAFNRL-DIZ, 22 TERO XS LiE R4
117
log(S)) = Bgsr+1og(W)+(—Rggp)t )]

22T, SRR AC B 2 HNEWER, By i 3AKMRX 5
TEICHEE I N B YR IE, WIdKE, R 3KIRX ST &
e X B HHEHEE &3 5. KERTICIE, HEBRO R
MRS T RS A IR 0 & U TRl b L 7= 2 @ & FH
log(W) 3-8 1DF 7+ v FIHHE L 7 (Maunder and Punt,
2004). KiRX & L Tid, 320X 45 SST<15°C, 15°C
=SST<20°C, 20°C=SSTIZ % #l L TIHT & 174>, HHEHSE
J& Ry 12DV TRRGET L 72,
KEBXDDHENGECTHINE I N ERHNDE =01,
AKIBX 2L 5T T A =2 #XKPIL BT L LT
FTHEWEH L, AIC (R HaiuE) MM LT 1) X
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DETFILDOFERE WK AIT 572, AICH/NENWHFDETFIL
BTN T 2EAMER IV E T Ehs Z & E2FHL,
KBIZE > TERD D EHEINIZLZIE, 66720 TK
WX Z LIS HPERE A E T 5 2 L & L7z,

HIT, U, I NOM CHPEHEEIZEN S
EHNEINEFND 0, FhE TOMMIZ LD AKIRX 5
BDHBTH > 7=2E 5 »IZIB L TKEX A & 5 Vg
X MOETIILEMBAL, Mffz 7 — L L7 — 2I12uHA
L 7= FOURS SR & ifd 4 9l 4 12HEE U 72 & 7 OURS S & ik
L7z, ZOAIZEAICORNERUEL LT, Flick3
BHHRE OEOFMAHET S 2 L & L.
HEEEEDHTE
Hedz U 7= H PRS2 B, H Ao iRE S h = ko ik
Hh7-DHNEMEE,» S, FHIX 5L KERX Y Z LI~
FoN, T A0 HEEEEAHEE L. HBEA T
Elliott and Persson (1978) D AiAIZHEVy, KAUZ K DHEE L
7z,

C=(S/=Sie PRI =) (6)
ZIT, S"BHEHLDOHNEFER, RIGATE THEE L
ZBRERET & % . CIIEII 07 5 IFIE 112 35 1) % HUAT

(a) Chub mackerel

Thy, BHXBZ 2O %E & 5 Z & T H BB R4
Kkovohs.,

FReoHE AT 3720, v E T HINDE
NTNICOWTHRED =D HAEWHER 2 0.5KH Z & 12
L, RED D o ZRRIXE Z L 2S) & S, & KD 721k,
BiR (C) 2HEE U7z, HEEEEL, RED B - 7201ERH
XEZ ETke 6 -85 (C) DAL L 7=,

#w 2

FRERH & A RER

2N (n=3,637) & TV H N (n=3,123) DEFHEH |, FRHEM
KRB A Table LIS/ L7z, w43 & T2 SO EHAE
FEIE, EFICTEE, MELAETIIHREEEZ /AL 72
(Fig. 2). HZEDORXEMEKIL, ¥4/ T38213cm&
20.0-37.4cm, TV H/NT3.6-21.0em & 23.6-37.6cm D Hi
FHNIZ 25 A % 6 & L Cds 0 /NIt & KR {12
TS NIzh, EOKRBMERIGBEERE D 50572729,
R SRR L 72, MELAFORXER, v ¥ T
11.1-319cm, I ¥ H/NT153-357emTH D, Wihd
E— F1320.0-22.5cmildH > 7.

(b) Spotted mackerel
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Figure 2. Frequency distributions of fork length (FL) of chub mackerel (a; n=2241) and spotted mackerel (b;
n=1983) in different seasons and ranges of sea surface temperature (SST). Bars drawn by dashed lines indicate
larger FL groups in summer, which were excluded from analysis because of small sample sizes.
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(a) Chub mackerel (b) Spotted mackerel
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Figure 3. Frequency distributions of sea surface temperature
(SST) at sampling sites for chub mackerel (a; n=2241) and
spotted mackerel (b; n=1983) in different seasons.

REKBDEHEIL

ATC L T — A NTZ A 5T 2wH3, TV H DK
HEKIRHEDIZ 9.4-24.4°C T H - 7= (Fig. 3). EFITidLmA
1310621 4°CTHREINTHE D, 15°CUL T Cidd a5
2. KIS ERBAE 113244 CTHIES N THED |
215°C & 18°Cf1Zs B TN 21°C R T S REE X T
To. AFIGTEMARIS°CL T O ATERE S, Kl
PHIX9.4-142°C TH - 7.

Zffi - RAKRX S T EORXEOHE I TIE, HF
D RN T/ NUEROFREH, 2 <, RIARDIK T
RN KEUER O BIA B L T /= (Fig. 2). %72, I8
IFWVARRHIH AR L 2ERE3RAD , MELLATTIE,
PRONHPHICER LT D, H£KRXIr & $1220.0-22.5cm
WCE—FDBH-7Ten6, KIFETHRE LZERE,
WA MR L CHRE LR TH B L E L BN,
MR
ARA 2 {1 % A1 72 80 12 ZR T & KR T BIR & B %
BHILCASZ L, B o MBI L MEMOMKIE, Tk
KBTRKEL B 5 TR, v T2 H DT
FHIENEFED SN A 572 (Table 2). Wifafdie &1z, &
DOEARERTE AR FA TV EHOCREOHEL S
<, WERAMIRTIEA F 7 IFHOHBA L 572, FhIS
W, A7 IFEWRMEER AR E 20, FEOBERIE
T L7z, &%, e A %7 I E 72 3BEED B A2
EIERFE CTH o7z, BB FATVEREINEZEDA

HROHBZRIL <N TIFEO R AKE20°C L ET13.6%,

TR £ TH KN 15-20°C T 14.1%, T~ YN TIRE O LR K
8 20°CLL LT 13.5%, kDKM AKME15°CLLT T11.9% T
B0, MO EREE i L CERIEE KX HBATIEE
Moz, LIALAENS, ZOMOBHE SR T gdDD
HUZIZWHIE D D 2 TERAE H Z 2 F A4 TV BASTND
WEEMES S A6, WifEE & oA 20°C L

TREABZ T FATEYN, BRI FATYEZOMDOEIHD
At B3 60%FRETH - - H 5. —JF, fukd -
Kt Z &I BIR O LR 2 RO TADB L, 65
BOF =205 BT, vH/N - TP B IZELTH
BKREXL, #ZIFATUIZONWTIR07-14, 57 3
FIZOWTE 0411 ERELSEFHL Tz,
HEEEY X 4

MEOF -2 #HNT, v ¥/ T H 3O HEEHY X
LEFNRIAER, WRZEORED 2D FAEDER (%)
FIEe2ENREL, wWRICERED 2 FNEMERED
K& HEKDFED 57z (Fig. 4a,b). L L, v¥/5& T
THINEGI, KEDH D HNEWEEOFIYEIL, B
12 S EVME (4.1%, 6.4%) &R L, REIZIRD 3 5 a2
HO, WFTT & B ARRTTRIC I3 24 B 258 L T & IR
1 (0.6%, 0.3%) &2 -7-, Miffi& &1, HNEWHEREITH
HIZ% <, WHENSZH 3 LA 2fdmzmnRm L, Bl 7ice
TTHIZFEAEZEIZEDZ EXRENT.

FREICRATEDF — 2 2 FHWT, =9 e TvHNADFHA
HHILIRREZR W 5 &, FRICTRM T3 Phase IV Ofiilfk, 3 7%
HHZEFEEROEIAZEML CH D, HEOETE LI
22 H RO RN A28 57z, S, RO I %
Db EL 5D, ¥ I3 TIE30.1%, T HINTIE37.5%
DAL Tz, 2RISR U TERIZ T Phase TV DA
HIZE A LD 5T, Phase 1% L < i3 Phase T OEKD
HEMNKEL (Fig 4c, d), v¥ 3 TvH3E G ITEMO
BHRIIX O TH -7,

BHEHREDHE
HELXAZBIZZRBORET — N ZEAbkhr 572728,
3DDKEX S THRBIOFET — 2 3% 5 5> T EFED
AT DWTHPEH S i L7z, SHRIEH NS ER %
MBI L TTH O T, ZZHEAROENEWERIZDONT
S E AR B R/ IME T H % 001 g Z#fRA L 72, Kilk
X DHIEERGET 5729, KEXSOHETETILOD
B AT - 72688, v 93T, KR O €7 LT
AIC A34702.1, KiRXHHDEF I T4668.2, T H/NT
i, KEXHEDETFILT3554.3, KEXAEDEFILT
35172850, WfdE 31 KRXAHDETILO AIC A
KN E 57z KEXS (SST<15°C, 15°C=SST<20°C,
20°C=SST) Z &IZHEE L= H P E I, v 3 Tid %
N ZF N 0.13 (n=285, 2=0.19, p<<0.001), 0.22 (n=687, r*=
0.10, p<<0.001), 0.19 (=282, r*=0.31, p<<0.001), =T~ H /¥
TZNZ 1006 (n=224, r*=0.12, p=0.025), 0.26 (n=569,
2=0.17, p<0.001), 0.12 (n=199, #*=0.16, p=0.003) & 75 > 7=
(Table 3, Fig. 5).

AR & > THEMBE N R 5 Z L ARE S hiz7
W, KEXSZEICHELEZEF LK LT, Wi T —
BET—=NL7EEAE, MZEITHEELZGAE L T, AIC
2K 3 ETNERET - 72, KA ISSCUTOHAT
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- (a) Chub mackerel (b) Spotted mackerel
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Figure 4. Diurnal changes in stomach content weight per body weight (a, b) and in digestive condition of stomach content (c, d) in au-
tumn. Open circles indicate values of individuals; lines connect mean values at the sample level (a, b). Prey items in stomach contents
were classified in order of digestion condition: undigested and identified prey items (Phase I), undigested and unidentified prey items
(Phase II), almost digested and unidentified prey items (Phase III), and digested prey items and empty stomach (Phase IV) (c, d).

Table 3. Gastric evacuation rate and daily ration of chub mackerel and spotted mackerel for different seasons and dif-
ferent ranges of sea surface temperature (SST). Sample size (n), fork length (FL), and body weight (BW) are
shown for the samples used to estimate gastric evacuation rate (R) and daily ration (% BW day '), respectively.
Gastric evacuation rates were estimated by the specimens caught at the night time and daily rations were estimated
by the specimens caught at the day time.

Gastric evacuation rate Daily ration
Month SST(°0) FL BW R FL BW Daily ration
! (mm) © ! (mm) (®  (6BWday )
Chub mackerel
Summer SST<15 — — — 119 89-217 6-116 5.9
15=SST<20 — — — 551 38-202 0.2-109 11.7
20=SST — — — 179 42-148 0.7-37 14.6
Autumn SST<15 285 149-239 35-157 0.13 283 136-247 24-197 6.7
15=SST<20 687 120-300 177-325 0.22 462 111-318 12-431 15.6
20=SST 282 158-319 42-435 0.19 127 147-300 33-362 6.5
Winter SST<15 — — — 520 182-249 66-141 10.8
Spotted mackerel
Summer SST<15 — — — 126 90-210 0.9-117 42
15=SST<20 — — — 544 36-200 0.4-95 11.0
20=SST — — — 135 39-198 0.5-80 11.0
Autumn SST<15 224 153-250 32-182 0.06 393 170-250 55-205 10.8
15=SST<20 569 155-342 39-557 0.26 282 167-357 45-606 28.7
20=SST 199 174-323 52-495 0.12 102 164-264 47-219 7.1
Winter SST<15 — — — 311 182-261 59-215 14.3
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Figure 5. Temporal changes in log-transformed stomach con-
tent weight per body weight of chub mackerel (a; n=1254)
and spotted mackerel (b; #=992) with time after the end of
astronomical twilight at night in different ranges of sea sur-
face temperature (SST). Open circles indicate values of indi-
viduals; lines indicate the exponential models fitted to the re-
lationships between stomach content weight per body weight
and the elapsed time.

BHlifid 77— )L L5 — 214 5 EFILDAICH
1292.4, WifHE A B 2 IZHEE L 72T ILD AICDFI A 1291.5,
FAKIR 15 DL 200C KT, WifiE S — L L7 —4
IZxPd 5 BT LD AICI124973.6, Wifdi% B4 1ICHE%E L7z €
TID AICDRNL4973.4 & 75 1), Wifd % 5 4 IZHEE L 72 €
TFTILDAICD T RbErIT/hEL ko7, —J, Kilt
200CLL ECiE, Miffid S — L LT —2IC/T3EFIL
D AIC A31632.2, WiffiZ& ) 4 12HEE L7z F LD AICDH
MN1641.0& kD | Wiffiz 7 — L L CHEE L2ZET LD AIC
ANEL e o7z, ARE20°C R TiE, wifd A 7 4 12
L7EZEFILDOFRRNE L5722, AICDEIZZ HD TN
&<, MDA FRRIIZ KR 5 1EEORHL TR L0 E
# % 6 M7= (Burnham and Anderson, 2002). 25, mifdf o
AR 15 PAE20°C Ao ' PEHHE130.22, 026 TE HH T
FEME & 25 5 T 7z (Table 3). KiR20°C LTI, AICD
FEIFRELSMFRIZENINE WD T LML TR X NS5
8 & 78 5 7= (Burnham and Anderson, 2002). Z 415 OfEHRH
5, v NV N DOBTHEEE DI L E N

SAREMEIE B E T E R WA, 200C L FIZk T 5 AICDH D
THhBEEZFR L TR T4 ICHP R EE A5 2 5 2
LE L7

HEEEEDHTE

KB - KIRX 3 IZB 1 B RED 2D HAEWERED HH
ZALIZ, AKX BN HEE U 72 Pk ZE D Pk & 5w L
T, HEEMHEZHEE L7z (Fig. 6). HE S hZKEH 72
D HBEHEAF R, v NN TP NTRE S TR, F
Ffi R AKHRIX 73 DE T K B ZAKIZ DV TR Rk O A % 7R
L C\ 7z (Table 3). ¥/ DkHEHH 72 ) HIEEMRIL, &
ZORMEAKUR 15°C L NIZE 1 5 5.9% 2 6 FkZEO &K KR
15-20°CIZ#51F % 15.6% £ TZALL , T HDEAEIZIE,
HEOZRMAR 15°CLLF TRIKED 42% %, kFEOKH
K 15-20°C T BME D 28.7% % 78 L T 7z (Table 3). Fk
Z0 H BRI R RAR 15-200C TREEL, EFIC
2 N TR A 200C L ETE» > 22D IZx LT
(14.6%), T~¥HINTIFI5°CU ET LR ->TWi
(11.0%).

zZ =
AR THWZ b - L EEARICE T 5 HEKR
(9-25°C) 1%, THF TICHE TN TV 355K (6-26°C)
OEHAZH O (£, 1973; 1ERE, 1974), BEDS
A KRR AW IC BT s (FIEE, 1973, 1R,
1974; FAERIEA, 2009) L AMEOERE=ADLEL L, &
Bl RUIHI I F 5 Y B FEFHD /3 A6 12T LA T ORI
béb%iéht.DE%EM%T@MJ?CHﬁMLT
ICRREINTHE D, AFOREIT T TEMEANR 15°C
UTT%OK.DE DOFERT 21°C DL ETHRIZ A &
R E->TED, MBOREBRIZOWTIZ21°CHHEIZ & 5
L7 — 2 R Sz, 3) “EERGICKIT59-12 1
O F O K AKIRIE 14-200CTH D (EHE, 1974), <
PNOEBIER B R &, FEaERRIL 15-20°C DK
T -HLTWB (FHEE, 1973). D EERATS
& NSO S AR 14-15°C & 20-21°CD 2D D
KIBTEL TR D D Z &6, FREFOLRE
ARIRIZ XD 15°C & 20°C TEEKRE 3 DD KRX I IZ5r#EI L
T, BT A= 2D &7 > 7= Z LI3AHNTH S &
FZiohb.
FRE M- LEHEICK S RHERMT -2 2HWT, v ¥
INE T HNO HEFEALY XL &I L2285, v yove
T HNHCERNICIZE L 2w e ZE 2 o h. FEOK
WS NTEY S 6B HOHON £ CIoHNAME R
&9 % Z & (Darbyson et al., 2003), Y/ @I TITHERS
HIichbW Ty 2 6B HOHOH % CICHARYE R
WHH5Z 8 (ARH, 2003) 26, HHIZHEEE L T
AL v n S BRI, Bl AmEL Ty EA
MDD LS X h S, ZOWERE S L12, EifE
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Figure 6. Diurnal changes in stomach content weight per body weight and daily ration of chub mackerel (a) and
spotted mackerel (b) in different seasons and rages of sea surface temperature (SST). Open circles indicate values
of stomach content weight per body weight of individuals and shaded areas indicate ration for each sampling time

duration.

ThiEnWeEZEZLONBKRBDT — 2 #HWTHEE S h7-H
P EOEIZ, ~9/3T0.13-0.22, I HINT
0.06-0.26 & 7 > 7z, FF4y - @G (1969) 12 & 2 filH I T
3, K 17.5-23.0°C T NI I E - RICHER S
WA O L HNEERZ2ARE SN TED, &
# 5 2N NE Y E = ORRREZEAL OBl & Fi AH > T, El-
liott and Persson D /12 & O #EE U 72 H e dE 13 0.10 &
%7z, RIS ARBE P21 5 KA /YO FEATZ
9 % (Darbyson et al., 2003) # & L 12, FHHS BT L
7 EHPEHEE 018 £ k572, ZHSOfEIZVTI S AN
ZCHEE X N7 F R IS M & & ), 3OO HEENE
HIEIE—BCT 25 L 5 72 (Fig. 7a). X 52T T ILER
DFERH» S | KilL20°CLLETIE~w I/ e T H N E DR

THPEHHEE D230 53, Kilh200C A T I3
DEELDODITNTHD I bbb &, BREMNIZIZIZN
AR EF O BRSEOM T, ML > T8 H Pk
HOEE IS IE R Z WA ED 5 M B BRI RN EF X 6
hd. ZO—FHT, 72T 2EHMRAOE T E D IF
+5rTld % < (Fig. 5), PEREIZ012 503D TH -
2. 2O EEHOKE XT, FEEICRET A AL E
DEHIIZE 2078 Lhaw, 5%, hOERKOPGAASE
LK TETLDOYERITSI ZENLEFLNWEELZON
5.

B R 1 I E S BREE R O B DT, KRS xE
T A Z I LT AL L, w9y, TvHove gic
B P E P TR K 15-20°C Tik & K& > 72, KFETE
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031 (a)
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-e- Spotted mackerel
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0.2 4 (Kariya and
Takahashi, 1969) +
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(Temming et al.,
2002)
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(Darbyson et al.,
2003)
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Figure 7. Gastric evacuation rate of chub mackerel, spotted
mackerel, and Atlantic mackerel (a) in different ranges of sea
surface temperature (SST), daily ration of chub mackerel (b)
and spotted mackerel (c) in different seasons and ranges of
SST. The data from literatures are also shown in each panel.

Yoy (BRA30em) OFIHEFEE (KiR9-19°C) T, MW
5 X T B4 BRI (4-20°C; Studholme et al., 1999) @ |
BRATIE & CAR B E S BHEHGRE O L2580 65 iz
2% (Temming et al., 2002), AHFZEI1Z &AL miAKi 20°C P
ETid15200Cc K0 iizaRA L, AEEAKBHEANTE S
KB THEEDK T AR 57z, [6 U KEFEY /TS Dar-
byson et al. (2003) 12 K 2 ffi7EfE1%, Temming et al. (2002) |2
WARTHh 5D KREBMTH Y, Temming et al. (2002) D5
RE20°C F TOZEEMIANREFIE L ENWZ En5,
AR $ 2 RSO FFfEIZ L S0 &0 K0 g
EFEIZE B ENSGER L T2 08 S & 5 (Fig. 7a).
ZORUCBE L T, 1 EEJHDSN O fREIZ 31 5 H PR
BEEIZBIL T, QHINCHt» TR B & & gic k&<
B5HENIWMEN K TH D (Jobling and Davies, 1979),
Qo PDfiEiF2-3 LHEE STy % (Andersen, 1999). —fikic

Q,, Pl IFAE Bl AR HE AN TH R T, SRRk TIZA N
7iERTZ s, KUFEFSOBAETYE, AEBKEE
A T=5MF FCHEHEE MK T 925 Z L 3BESHICHET
&, AWMROKERN D N ERFAORHE AR L T 5 1]
it EIOoNS.

RO, Y4 X, A S & B & ORI
DT, ZLOWMENH D (Andersen, 1999; Singh-Renton
and Bromley, 1996; Temming and Andersen, 1994), FfIZEFD
M Ze & NS A4 X HPRLEE & ORI DOV TE, —
W IZ A BT Y 72 ) T )L — ORI > THEHY
WM< 85 Z & (Temming and Herrmann, 2001), £+
A4 N2 & B HHEHEEOZLIZEE® 5 h k2 & (Ander-
sen, 1999) 7%, W5 X T\ 5. Andersen (1999) {2 kT,
FOHIZRM NP A RO T VRSB K D & 2350
STH2SP SN D28, Messhhats kot *7 I
DIFJAITIE, BHEIZLACEDEWIIHE TH B Z &
P SN TS, AW TH YR EE & #EE U 72 Fko
NEPNZ R E L TANIA F 7 IFESHEL FHRTH
D, BEHOMBURIIEOERE L > Tz, LaLaR
5, hOFEEHIZ W TIRHDOIHELZ LD EL, FHIClt
9 % & H NEYOFEI PRSI0 /0 KO8 %
PRU Z2v[REME RS & > TH R DZAB L Tz, Andersen
(1999) 125t - T, & F 7 I - vmFHO PEH IS & ffH O
PEHGRE IIFIEE U EOETHUL, D B PR e
WRAMOFEICTEMN T2 Z Lok aMERXAWEEZ
5N5. 2O—JiT, WAERIO Y/ ERIEIZ DO W T
AN X 2 HPEHBE O iRIE AR Sh Tk n/zg, Kif
ROFERH & 720 THOMHU & 238 WIS DWW TR G
CBZEICERERARH D, 57 I BOHPEHEEZED
ZIZIOWTRSHROBIEEETH A 5. K%L b HEE
SN EYMEIE, Y /Y F F T I & Themisto japon-
icam®FHRIZF 29 ) TV 25 5FREHBELTWEET S
AZEHAWO <3 ZB$ 28 (WA, 1959) %, #t
D= B NHNFITOWTHEME - 4% 7 JfE BRI
20 FATYORAENRD N LT MG (RREEH,,
1968) L &AL THO, FRICHEREE2 (1968) 12X 3
19645 D H 2 2 F4 7 P HANEHBILEORINE, &
HROFEFREBHINZE AU L TS, 20, KAE
FADMOWHRIZ I T, RIFFE TR & h =i 2 Bl
el Tl & %Y S S RAUHO H kS & Ui %
ZEiCiFREaMEEZEWEELLNS.

7N - T Yo O HEEBHE R, ERICERnKER
15°C LT, FAZITIEZER AU 15-20°C TEVMEA R L T
B0, AFOERIMAKER15°CLUT TEHEED 15-20°C & JA
FEOBMEZHEFL T2, Zho /BB 5 HM
B RO R X OAKRIEIE, ThZhOTHICE T 5 1010
AR L K~ LT\, 3 NICB T3 EEOE LS
Aisgid, ANVEMIEARIZ & EARISE L Thb Z e (1,
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1974) , /INEMEER A B WE R IZIZFZE XD & KR B
BIZHMTHZ 6, 15°CY LRI S, RIS
FkZE D = e i3k T Uk o N @ U O 5 8 3K T KR
1420°CICER e N3 Z & (e, 1974), KiffgETD%
BOREIZICYUTOATH 7228, KEHIZHBT
BENRIC BN THEMENIKRE NI EETFL TS,
HZED 20°C DL TIEEPEHEE 28 15-20°C &K D /hE a8,
H BHE A & 3t o KBk & A 213 kE <, XF0D
15°C LLUF ¢ H WA & A3t 0 =i 0 [a] KR S 12 Hb X
TE» -7z, ZOZ e, BHEERLNT L ERATIE
BWIZEEDL LT, HED20°CL EREFED 15°CLL D
Wik & AR L 55 T BT, R AR ) A
ThNTWBEZEAREL TS,

K7 TH N7z~ 930 HEHEAF R %2 | BEiE KRz
FRIZANTREDHER (Hatanaka and Takahashi, 1956) &
W % & (Fig. 7b), BIEFEBRTHE I NEFE (79,
KL 19-25°C) DIREH 72 0 HREFEHE (423%, F¥
124%) &, RFEOETF (REAKR20°CLL ) OKED
720 AEHERT & (14.6%) IXIZIZHEILV XL TH 72, 72,
Tk il H FERIZ B 1) B 15-16°C T O H AT & 10.4% 13,
AWF2EI2 & 5 15°CULTIZH 5 6.7% & 15-20°C TD
143% DIRIEPRBICHY LCE D, BiHAT — 2I1c8kD
S AHFZEAE R & Bl E F25% 1 & 2 H B O HEE Ik &
EIEEHIED STz, 2D L, KIFETKD S
Nz~ S H AT HEE e & R - ARBRETICHE S 21t
HANRZYTHE I EEnNL B EHIT, ZThETal
BERBE SN TV h 5 72T F 3BT B HEEM (Fig.
TOIZOVWTEEMHEICESEDTHB I LARBL TN,

YNE I & /MR RBFHERUIST T AR,
SEAMIRER R DAEZETZ R Z N DO, FHZHiHE D50 A H
5 B HEOBEHEIRTCHEE TH D, ZThUIOFEH
T4 7 I EMOEHEMOEANEL B> TnWbH T
ek, AFRTHEOhERES LIC, &
ZEIAKEAIZB BN TV NDFREE | iR
ENBH &I FA T OIEEREEHRL T, hx7F4
JVOREEZFNEFNE 40mm, FX80mm, & 100mm &
LU CRD 7K ER2 S (ATRENEA, 2009), MiffIZdk 5 #
2 F4 0 RN R R AR L7z, Table 21289 X9
A BT F AT Y AR L T2 kO # AT TEHIN ISk
ELENT S0, v K AHRMABITEISEIHY
720 1.9-4.8ffk, FITIE1 HY220 1220k, &i2id1
H4720 1L1fAKRE 2D, I3 NOEAICIE, BlTidl
02720 22-6.01fk, FkiZiZ 1 HY720 1.7-5.5Mfk, &
I THYS 220 15k E &> 72. HOEKERTIE, 7
80 FATVEHEL TORMHADEIENENZ &R, K
AREIRIZIERT I OO I 2 2 F A4 TV NEL AL T
WHZEeaEZDHE, ZOMIZEHITKNEL RS REM S
b, FNFREIC K MBS EHEMAICE 2 58I

DWTIE, H AT FA T VMRS % Y @O K
WM OEMUZ DN TEEMIC G T2 B E R b 5 Z &
VAN | AW

AiffzE i, WHRABEOEMT -2 2FHT5Z LIk
D, ZhE THNEVMEREOZIHIZET IHMEDOATH >
T2 YN - T2 NOEAERED BEIZLIZ DN THRE
BRIk 5 HEEBHEOFHELEES TN TE .
H BRI T 0 sk RIS EME 2R L, JRICIEKiR
15°CLL LTEL &0, REAMLEH T b % FkZEI121d 15-20°C
TR, SISV T8 HREEHRIZE L ~ LIS
M X Tz, ZoFIE, HREHEATE A KB D Ak
FLTEL TS b Cldn <, B PE S ToOfilks
BEIMICZT 254003, IKKRETH > TE 9 MmDh
D& 78 B TIE, RO B ARSI ik U C H AT &
DREL BHUREMEREL TS, X 5ICAFETHS
NIAERAII, HORMBRRBITIIC B 5 9 @ #
DOBUFRHEERER A MRS 2 Z & T, N HE
BRAME TS ZENAREL 5572, A, (FHEfROD
P WAER 2212 36 1 2 WA ELR T — 2 ORMEERT
EDOTHY, [ARRDTRIT, o> BIHEY O A BRI
IZH AL WHTRE L — VA A 2 8D TH A S .

E

AR THWETF— 20 L L5 3KB o — LA &%
frEanzdeibe, vk, RIEA, B-LREROFEHE &
FAEBSAL, &6 CITAEME RS AT RER O RIZL %
W W e UK EENT R T TRERERT 2T R O it Z e E
£, WHEERE, SUCXOKEMZEA o hpiE Bt Bl
Pt ERPEEAE L ICREEON 2 U 9. RIS, KeE
T & D RRE & 7 B RAPAM R A & B TR B B 5 b
THEONEZRERO—EIZE28DTHD, THOMMRE
FEDOHHEIT Y 7= 5N BTS2 LT,
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