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MR BERIC B W T AT A H 1L, TMOAEM AR TS 2 LIk 0 RN O E
DINT v AR D% E| 205 T D (Estes et al. 2011). Z 5 OEKRENSAREES D
&, WBRFZT TR ELICTT ORISR EE KIE L, RKNICERREERICE
W G2 D0 A — AN Z 5 (Baum and Worm 2009). 5 21E, KPEEED Scotian
KREEMITIE, EACfAEE Th 2 IEARMOMEIREESEIEIC XV fREE LR, ZOfEM T
B % /NIRRT A M I HEB I S N L, TSV 7 7 > 7 R o s Lz
LA STV D (Frank et al. 2005). £72, ALXREFEIZIB W TIE ST ¥ F Orcinus orca I
&£ 57 v 3 Enhydra lutris ~DIi&EDOHMNN, 7 v a DALY TH LU =4S+,
RERINC Y =D CTh L VT DOREZHRILSELER LI o72 L ST 5 (Estes et
al. 1998). 61T, I T HNZBWT AR A A7 F 73R Micropterus salmoides %
B D R EBR T, B E 7 H/NRLRED N L, A4 2 T3 2 0 KA R I BY )
T N DWW T T 7 b OEINE G| & Z L 7z (Carpenter ef al. 2001). =
DR, EAHARH OGIREOEBC AL OHAED ~DMEITEN, RKICAEERE
RO Z e AT HZ LD, O DR VT I T 2R E S5 Z L ITARER
ZEFET 5 E TR OEERERTHHEFZD.

HAREFICBI 2= X AF—EREFUTOXICL VR T D 2 &3 H K D (Videler
1993):

M

C=R+E+P,

Z DR, CIZEHAEMORHEIZL > THER LRV F—0OfE, RIIFFROTZDITIHE
SNTZRARHE, EITRSLER SICEVFIH SRR o ot &, PITARE K OAETHER
DIREIZHETHNARE S ZRT. AEHOZRLF—IIZB W T, — IS REHIC
DR VX —HEE R VKX 72HE % 5D TH Y (Niimi and Beamish 1974; Elliott
1976), ZDOH THRITEBIZ L > THE SN D= F AT —DFENKE L, REERIE
EHICE DOWE RII AKX < £1bT % (Boisclair and Sirois 1993). 72, flH% & A IRE
WTIE, TRAX—HEREITREEDREICL > TR < EH#)¥ 5 (Claireaux et al. 2006).
LoT, WATIZBIT2AFO R LX—HEEL EMICHEET 2720120, KRR E



DEREEHR B EORRYNT — X 2155 Z EBNLEARFR R TH L. LEOMRBHHEIC
BIL CTiX, bk b2 AW CTIERINEEE VO, LilEkiEE U CREIRE)E K
(TBF: tail beat frequency)® BfR % i~ 20503 H > 3% <4704 T % (Brett 1964,
1965; Beamish 1978; Videler 1993; van den Thillart et al. 2004; Steinhausen et al. 2005;
Claireaux et al. 2006). ¥T4-Tlx, THHFEIAIFLEREH 2 IV CROEk L 7o Bk B oM B
T2 EHANT, BETICBT2ABEOFEBEZIE L-MELREINLTND
(Tanaka et al. 2001; Kawabe et al. 2003). F£7-, W OHEICBLET 21TE8E, Lo
FREL P DEONDIMEET — 2 b i3 2 2 & A HETod 5 (Suzuki et al. 2009;
Makiguchi et al. 2012). X - T, @ EAGSEG 2 A WUE, BETICBT 280
REHE, OWTIE= RV X —EERHELHEET L2 ENARTHY, EHIZ, =%/
F—EERICETLIMALHELIZLHTES.

AR ORI T & D HAE X, 25 < O NI & T8 % H T 5 ZARMED = O ik
Thol(BAH 1991). 20 X 9 2 FEAERRRIL, A XX Lateolabrax japonicus, 71V
AHE, X A¥E, 7YV Ruditapes philippinarum, 7371 5 A Mactra chinensis 75 £ 07K i &
BREOREERAEFTME > TS, LL, TOROERBICEIVEENEDLTHR,
BRI O 90% 3 THI L, AWM RMES KIBIZHA L, IR E S 3 L 7= (8 5 H
1991). HFUE DD THEIEL, TEKRCEBEMEZ BV E L LR 61T T
720y, BIRRERLIESOHICES, JTTOWNE ORI 19%23 DN T H 7= (T EF 2006).
DL T L2 RO RICE D A bR MR T L, 518, THPEKSFEYEK
IZ KD RO RN L7/ R, BEORFE TIE, EFIME CAMFEKIEN
MBLL . ZHUCHE S MO REBIEDERZ L TV D RS E 1997). BUE, BN T
RS, BERTEREOSEEEZME L T D TRAERR L/ INERNLFET S, K
FIBIZBWT BN RE & 281X, NFF R Triakis scyllium <27 2% A Mustelus
manazo 7% & DJEAMY AFH, A XX, 7 1 XA Acanthopoagrus schlegelii, % 7 X A. latus,
AT Girella punctata, ~ %A Pagrus major 78 ENEZ HND. ZNHDOHFTYH, AR
FIFFRAERBRICBWTELS T2 2RO TRY (M - 482 2011), F7z, FiE
W & B L0 OB AUENE THREISN TV SRS SR EICB TR S <
INTHY, EERKEERO—D>THH5H(Fig. 1-1, KET 2007 ZKET). YLD
EMDBARFIIHABERETHAEDO > THDHEEZ2D. Lo T, WEBD LA
BREOFTHDLARENR, BETFIZBOTED X ) REBEICERL, FOEAEHNS
ENLSHBVWDOZRNLX—FBEL, ERETOZR VX —Z2HE L TWDINEHET S



Tl ERBOAREREZEMT S ETHEENOEBNRER THLLEF A D.
ARXFITARBEDORFICAERL TR Y, iR OBE» L b ZOERH T2 2
ED, EHFERNPOGAARANCE S THEREHER O X025 (FRR
1969). BifE, AAXFX, HAUE, AWM, WANME, PSR Ca2POoicoEM, £
X8, fl L7 £ Ko THEE 8000 — 10000 t 23fSE XL TE Y, 2014 FFIZIFA XX
KO 7 AXX L latus  Z T2 A XX FHDOEMEREIL 8518t Th o7 (HH AT 2002; B
MKEED WERRGTT — 4 X—R)., AXXOEEICEIT 5 iEREIT, 1990 51
IMERNZ & > 7=(Fig.1-2, WEmifadE - BIEEAERGH #1953 -2014). ZiuiE, 4
EEDOIMA L EAUCHESREE HEOHIMICE 2 D L HEINTHH(INE - -
2004). 2006 -7 B LI RN BMEINIC H 27205, BUEOE IR E TSI IR
HEEZLIVTWDOKEIT 2007). ARXL, HRBIZBI2HEN KL ZL<, FH
R, BEZIT 1977 HED 2755t 2 E— 2712, D% LIE5H < 1000 t LLTF OifafE T
bolz. UL, IEFORBEENZIE L, 2001 421X 2527 t OfERENRTEIN T
WD (N - B 2004). A XFIIREBEEIC L > TAATOZED S Tt THD.
BB CIE, REN 40 ecm Kz 24 2, 40cm BLE 60 cm KA 7> =), 60 cm
Pk T2AXF) LYY, KE 1 m BLEIZHRETAEE S WS (HEF - KT 2002). A
R—=YT7 4y TIZBNTHANRDOBFETH Y, MEE DR CEEE AT L <
RO TZI8%N ] 13 DHEAEBE T LTS, 20X ICHERDERICBWLTH A
EP Y DIEWATETH D (BIF - T 2001), ARV —ERICEAMENEH VAT
boHEEZD. ARSI, WK, VK, WK EMELL, BKFED DAFITH)IT Tk TR
g pitiflElER TH HH(HEF - KT 2002). ARXF(E, A% 2-3FETIRIERAT S
EEDITEY, RO EY AL, HETRE 245260 mm, HET 340 -370
mm & STV DMK 1971; Hayashi 1972; /KZET 2006). PEIFEFSIE I & - C
%0870, FHEETIX 10 A Ta2»5 2 A TAE TT, IN0aMm0iER&oFHZ L
D A RF OEEINGITANFEAR DT Z Lo 1o A I, B CI s HEI LA OV )3
FEINSE T 5 L HAE STV D IEE 1965). WLk, AUE L7203 ORI B2 5 [alilE
L, WOge®s, 7~E52FER4EFTHL L L CHAT L Sb TV D ETE
2006). A HEFAINIT A HOIT oA U, B & 72 2 RABLOVRAKYED A 7 8 Sinocalanus
sinensis Z AT D 72D Z# L35 & 51Ty 5D (Hibino et al. 2006). Shfa i)
SREAMENTRLS 20, B NREEZ PO, FRE, Z2ERHEABRT L WG SN
TWAD(EBS 1995; /KFEFT 2006). AR FAFHEASCLAOARRIZEE L TIX, 2000 4F4%
TR RS Th T2, SCHIZEEE A Z < FFE L T D - BAEF 1962a,
1962b, 1962¢; Hibino et al. 2006; Shahidul Islam et al. 2010; Fuji et al. 2010, 2011). L L,



FRANCBE T 2 R 722 <, FRICHEGEIC B LTI, FHIFRIBER O MR D 531
DERERNCHE STV DHRETH 2 (N - # E 2004; KET 2006). FFl, ¥AT
OATEVAERRICEA L TIE, 1ZEAEMBH0n> T RVOBEIRTH 5.

F 2 C, AT, HABICART S A XF ICE B RS A EE L, AT
BT AARXFOZR N X —ERELS L HEEZHEL, ZO/MRETSEXLTAIF
DATEVERRZH D20 2 2 L 2 ARNICLL N O FERI L OWHE 2 i L 72, AEITHE<
2ETIE, HE CRES NI AR NOIHIELZINEL, BNEWSHITIC LY FE 2
BEAEMZ T ~To. o, AXXOBIENREAEMEZRE L, TOT XX i b HIE L
f=. 3ETIL, Kk b ERWT, B EIA ISR A A LT A XX DORFEHE
HE VO, #WE L, MEET —2 10 RH LI-IE#h& & BRIHE WL VO, DR %
N7z 4 FETIE, BB EAGLERGHC K > T, BWAETICBIT 2 A XX OIF#E& % & &1k
L, MRS OBMREMARZ. SHIC 2 B THLN/BEND =RV — R,
ZL T3 ETHLNIEHRE S VO, DEBRANL X ALF—HEEZHEL, Hoh
TG R B A X OEAFERIZIZ DWW THER L2, K&RIZ, 5 EICBWT, AFETHEDL
NIAERE LIS, HRBICAERTHIAXFOAERICONVTER L. /-, BiBlcE
F 2 A XX DERRFIINE S L OZEOEIREENT L DRGSO ARER~DEEIC O
THBELT.
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Fig. 1-1 The amount of bottom trawling catch for main targets in Tokyo Bay. The number
above the plot of Japanese cockle in 1985 indicates the amount of catch, and there was lack of
data in 1986. This figure was referenced and improved by the previous study (Japanese

Fisheries Agency 2007)
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Fig. 1-2 Historical catches of Japanese sea bass in Japan. The catch data were obtained from the

Ministry of Agriculture, Forestry and Fisheries of Japan



2E R

2.1. ¥&5

HABRWIATITE S DOV TV BMSHTHIED—>TH Y, LB O
EEMICHET LR TH L. 28R 2B XTWNDI0E2 LS,
OB & D BWADOBREZIET 5 T& 5720, ZOAERRRNICKIT 2R EGRE
MDLFEHNY LD AXFORMEICEL TE, ZHETIZWL OO AT B
ENTWS. BT, I 0RO BRI A BT D AFRER I 1 A O YR fmailic >
WTHHZ < HES N TS, (KE 10 mm G OFHEBAII TIEEIC A 7 VA
¥H % 4 £ L (Nip et al. 2003; Hibino et al. 2006; Islam et al. 2011), {A& 20 mm itk O H
PN YT TR I, TEHEE R INIRBHEE~ BT L, A& 200 mm

AT O 1 AL IR & RITiR 2 ICREMEN R 2D L b TWn oY - BE
1962a; KPEEST 2006). Z D X 51T, (FHEAMIHRMANICE L T, v E TRl
B X OB EET - BI% 1962a), JRBRAEIINTE CGEAS 2010), HACKFH R
(Fuji et al. 2011), A W#EHibino et al. 2006)72 & H A EE CTHEMICHNONLTWD
(Islam et al. 2011). —J5, FAOEMEICBE L T AEN D72, BEHICB O THRE S
NTWDRERETHD(EHES 1995; KIEIT 2006). AL O FHANEE CdH 5 H AL X
ARXOWEED R HZVN, AT 2mAR D72, FICBEEICEL Xz A
b o T, SEORMITABGITPRERMBIZ L > TH 2T 5 Z &2
HILTWVWD Z EbER 2010), EBMHROBMEZEEFSLILENDH D.

BEBEO A XX ORMEZFRIBATHZEIC L D &, A XFORBMAY M S KA T
ATIRT VR EORAEELIHET D EME SN TWVD(EIR 1995; KFET 2006).
AZARXFPHET HFREOLIIKEREM CTH 5720, SCHRFEICLDBMETT
— A R—= 2T TS O TR F i A G S T S (http:/fooddb.mext.go.jp/).
LDTRNF—MNOEEEM O RN X —EEEZHET L LITMETHD. L2L,
BT — 2 RX—ADMEIX, B E OB EBRWIZAIBTHOLEZR/EL TWD. £
D12, fHENFHT 28O TR F—HGEEZHET 25HE100%, WAFEL TL
EORMENRD L. o, WEEOLRNVAEYBIZIZA XX OEEYO—FHEEZEZ L

V% & A X Nuchequula nuchalis, 7 7 77 = ¥ Macrobrachium nipponense 78 E)NZ-DNT



I, BRAKITT —FRN—RC#l-> TELY, TOZRLX BT OMENZ L.
KoT, AETIE, BETIZBITDARFOT XN —HRREEHET L7010, F
T, BNEDOIICE D AXFORMEZ RN, 2 U CEBERNRETAY O = X)L X —(fi%

HE L.

22, BB L

22.1. BERAEMIHT

2011 45, 6, 11 HIB LT 2012 4 6 HICHAUE QBN TR E DI BN T, VT —
T4y Uiai L, BOREIROFET S K2 BT 10 BRHICHT TAT —7 4 v
UTIZ R Y AR 80 LT (Fig. 2-1). #9081%, MEBOAMIZA XX %2 AN, IRk
ICHREBIORELZZATN I mmBLO 10 g B THE Lz, 20%, MELRE &
TR AR L, MR 21TV, RE LY TR — T =Ry 7 RITII L T
B TIPSR & THEBIR - 72, £72, 2015 4E 11 A1, MMEIREMRAE TR O KE L)
ODEZMCTHELLLAIXTZWAL, ARZE Ll RO HIETHREE TRLIRY,
Z D%, WILENEMZTRE Lo, £ EMAn o3l LD & RO FREL T
bV, Ttk 8D EH DR 8 FIT/IT THEEL TV,

HILEY T VL~ ERHRRAFEL, %A, BNEWOT E1T o7, fRft:, 7M™
EEAFRWTHEZRMEL, 2AOREERLZHE L. 0%, BL2UVRAWTEDOK-> T
WAHEEDE v — VIRV L, S HICHAE 0.85 mm O4JEMY /Lo FCHBEA K
T LIZ. BRROBEENS, IV EZHORERZ 2= LW THENAYE
FRH L. 2LTC, AT L ICREROENEYREEICT 2 EEHE(W%) % 557
TCRH Lz, Fio, HBEOED - LABEICOWTIE, WRIREBIZ XL Y LUT o Bt
W LT
Bt & R - - - FHECARSWTEY, SEENBLE L TO2RVIREE
Ha LR (A - - - ERROBOTHADRNEE L2 IREE
WK - - - FRICHEROWTWD R, FEEIIME L7 fkhe
MR - - - AOSNTEFRE, B, B, vea, HA
BNBEMY T NTY —T 4 71, 9% T4 ) — /L TRAF LT, AlREZR & DIEREAL

e



WM O A FE L, HAZ8E Lz b DI, R 5(2004), LA - #E4 (2009),
AR PERER Y 7 = 7 A b (http://www.fklab. fukui.fukui jp/ss/)) ZZM L, HfH 05
EIZRED O RIREZR RV M A FIE Lz, £/, HEOEA, HEJEORE, ZEHITHED
X FUEMONY A, £ L CHREO THROEE TN E DAY OEIRE L L CEE
BL, EAEYZ LICHBL L 2EERITHT 25 EaN% R/ Lz, £/, AXF4
RO, FEHAE NS HEL L 72 2 XX OEEEOEISHEBLE - Fo)bFE L.

T FTERMINC X 5EWE D720, (KA X2 B8 L CTHREICHT HEEE &
L CHWNEYEBIEH(SCIL: stomach contents index)3 & V22 H #(VI: vacuity index)% #f

%L L 7= (Hajisamae et al. 2003; Shimose et al. 2006). SCI |[ZLL FOHXIZ LV R b
SC

scr = |>=|x100, @1
BM

ok, SCIHEKRZ L OEANEMILRER, BMIIEEKRI L DA XF O EEEZRT.
VIIZBNEWERE L2 2EEON, BNAMPRE TE R T EEEB OEIE %

HY TR

222. BENZEEMIIBIT 5= XNV X —fHO R E
2013 45, 6, 10, 11 HIC THEREE LT O E B I LUK WAL JE L O )11 5
T, ARXXOEAENREAY 7 FE(E IS 1995, KET 2006)%, 7z, 201547 A
(2, A TR OWFNNICAELRT 2 3 FOAF 10 O AM A RE LTz, BREFIER
AR By, 490, BE, L3 EEWEICIOBRE L. BER, YT
% UL R RKIEEATJEFT OWFZEE £ CHEIRIE TRE L. Mfslt:, AR mm H
A0) e O B H(0.01g HAAD) 2 5H L, EIRFEEE(DX302, v~ FRZERASE, BHA)
2 &V REEE D 0.01 g BALTE L L2RWVIREEE THY 48 - T2 DB S H7-. 2D
%, Y VORBEERE 0.001 g BACCHIEL, IFH -2 mARRISHARL,
Jra Y — A —H—(C2000, IKA, USA)Z VT | g EEE Y-V O x VX —ffi(J dry
ehZEME L., o, BEENOEBEREZ5I< ZLICLY, HoKSEAELIHE
L.

RAY Z LR EEN Y, WEEY Y, £ L CHEHAEY 1 EEY Y OFHT R L F—
iz S Ure. B4E L7 O A BIKIRIC X - C, ¥, KR, Hokiko 3 212y



BL, ARREICL =X — iz i L. gEAEMOREME, £7201%, AREREMIC
BT —Afi 2 el 2 55813, FA0IC Bartlett #27E 217 > THAOBWMAMEE TE
LR L, DI HT(ANOVA) % Fiti L7412, Tukey-Kramer fE & 1T-7=. F7z,

HMREE, WEE, FLFIERYSY oA MEBAERE L, —RILEET
N RWTENENSEERREER, AR, WRELIIBER)ZZ0LETLON, £
DETANDEDL S LW EHE 2572012, Rt & 5L % (Akaike’s information
criterion: AIC)Z FHH L, E7 VR ZIT 72, 2D OMEHEITIZI, #FHY 7 b=

7 R version 3.0.2 Z W Ti1o7-.

2.3. fHER

23.1. BERAEMIHT

A3 EENLMLEEZREL, BNEMO Y —T 4 v T &4To 0. S I ERD
N, AADIER, A2 12{EKRTH -7z, HEEKOFEE2ET 522+ 91 mm, F
PJRE X 1.46 = 0.79 kg T - 7=(Table 2-1). 2fE{KF, HAEMHB A > TW=DiT 33
fEARTH Y, Z2H KV vacuity index)IE 23.3% ThH-7-. F£7-, HHNEWEEHRI(SCL
stomach contents index)i%, 2fEATIL0.7+0.9%, KT 3.8%ITELT-.

W SERTRIZGA, 2BEREIALT—7 0 v 7, 20 RITE EMEIC L 0 ifE
STz, SCIZt#T oL, VT =74y 7R 04+04%THLOIZKHLT, £&
2% 0.9+ 1.1% Td - 7=(Table 2-1). F7=, LT —7 4 v v 7 T LEED VI A
31.8% CTHDHDITH LT, £ XM THIME L 7-EK TIX 14.3% & 72 > 7= (Table 2-1). [#& D
i, SCI THEREN A LA, VIIZEITLR b7 ) - 72 (Fig. 2-1a, SCI: Wilcoxon
test, p=0.002154; VI: Fisher’s exact test, p=0.2806). F7=, MBI THE L7=fER, 4 A
EAATIXSCL B L VIIZHE 22T 617275 7=(Fig. 2-1b, SCIL: Wilcoxon test, p
= 0.05825; VI: Fisher’s exact test, p = 0.2366).

ARXXOBENNGITMAEE, BEHE, WEdE, ZEERENHEBL, ST 10 217D
B H A B S du7z(Table 2-2). EHIEE Z & OB WNED OEIAELEL N% X5 58.8%,
80 20.6%, SHIESEH 2.9%, £ EBHH 17.6%, E I W%ILH5H 60.3%, H#JH 0.6%,

SEIEKE 0.1%, ZFH 08% CTH Y, HIIR FouoCIIMAatE 62.8%, FHKE 32.6%, HEEKE

10



9.3%, %FEHH 9.3% Td o 7= (Fig. 2-2, Table2-2). I L 7= OMEIASLL N%, i E &
e W%, HBLR FRIZB W THHEEP R BB L, HBLE FRIiZBW TEAE Mo
AW R THBEIZE 22> 72 (Table 2-2, chi’ test, df=3, p=0.00000029). EH4=¥)15 D {H
REEE N% & LD &, B X7 F AU Engraulis japonicus 75 29.4% L ik H %<, IR\ T
B /X Sardinella zunasi 73 23.5% CoH > 7. ZOMIZ, & A T X Nuchequula nuchalis <°
kv v A U Hypoatherina valnciennei 75 ¥ OFMFH, I I A & (Euprymna sp.)b
HEBLL722Y, ZnEh 1 EE L2HEL L 72275 7o (Table 2-2). HEFHIZIBWTIE, Yy

IZHFAEAL TV EEZEX BND Y v 3% R U A dnilocra clupei HNHBLL TV e, £z,
MERE WHTRLE, Ty "N 283%LHmbEL, DNWTHZ T FATLNR153%E
B L7, HBLER F%BICB W TN X 7 F AT R 25.6%E @<, IRWVTH v S8 23.3%
Tholo. B, WEI7FATUHHBLLT 11 EERON 6 A D RIRFHZY v 3% H
BLLTUT2(54.5%). HEHFERLZ 8D TW D RIEIIREED Y B X 7 F A T2 D
P EERB L OEBHKREL, FRFN 78+21 mm, 53+33¢g(nm=15), 79+ 11 mm, 3.6
£1.lgn=13)ThHolz. AXXFDOERYA XLEHNEYE ORRE ST LIoFER, AX
X OIRE L SCI (Fig. 2-3, F=2.831, p=0.1025), £ L CARXFDOLE L REHLIRED

FREOEE L ORICHBEBERITZA SN b - 7= (Fig. 2-4, F=2.949, p=0.09623).

23.2. EHAEYH O T X)L X — A

A XX OIFERI72EEAEWEE 10 FCRE 9O B LOHBE 1| )0 x VX —izHllE L
7-(Table 2-3). FLEEMS7-D DT R AL X —MIIBNT, HAEYR THERENALON
(ANOVA, p = 0.00000019, df = 9, Fig. 2-5a), KEIH & 7 F A U &~A T Sardinops
melanostictus 7N FIVEN21.8+22kIdry g’ &£ 21.6+2.1kldryg' & bm<, bA T,
=1/ ¥ v Konosirus puctatus & %t & , 7 7~ 5 T ¥ Macrobrachium nipponense 7 13.0 £ 0.3 kJ
dry g' LR BIRWMEZ R Lz, BEREYZY O AT —MIIBNTYH, HEYKOM
\CH B RN RS IU(ANOVA, p = 0.00138, df =9, Fig. 2-5b), ~1 7 ' 6.8 + 0.4 k] wet
gl ik bE <, N Ta s ua (5.7+ 1.4k wetgh), ~7 2 Trachurus japonicus (5.7 + 0.5
kIwetg!), KB X7 FA UL (55+1.8klwetg )&, WpERELFEICT I
EAN39+02kIwetg! ERBIRWVEEZRLEZ. £/, (A ORIC L » TR ERITKR
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& < BL7p 5 7=(Fig. 2-6a, ANOVA, p = 0.000001). Z=D7=, EHAEWO 1 EEY Y O
TRNAX M2 LZFER, 2/ v a 8564 + 1344 kK ERbEL, RWVWTT =
Plecoglossus altivelis altivelis 75 487.0 = 177.3 kJ, ~7 V732189 + 302 kI, ~A UM
212.6 + 342 kI DONEAT, 7 LAMIVERICAE R T DA TEVE A R S L7 (Fig.
2-6b).

ARAKBRIC L > THBEEESLOMERY Y O R VX —liz i Liz& 25, £4
B CHEZZEZN L SNTZ(ANOVA, df=2, F/EEE: p=0.00000004, JEEE: p=
0.00215). FREEY Y O R VX —liZBVTIE, KRS RS E <, TR, K
WA BT DAY ONEIZ = RV F —fli HMK < 72 5 72 (Tukey-Kramer test, p <0.05, df=
2, Fig. 2-7a). —J7, WMEEY Y O XX —McBWTH, F4AEBKBICHERZEN
L& 72 (Kruskal-Wallis test, p = 0.00362, df=2, Fig. 2-7b). AIC |2 L D ET /L ELEGD
FER, RREEY VB IO EEY Y OFE TR X —flTHE, HRERLHELET
ET LD AIC i HIRWAE R & 72 o 7= (Table 2-4 KX 2-5). F7=, BEEY Y OFEHT
FNAF—MIZBNTH, FEORREIE L.

HNEW I TR OHBERFUOE NI Z 7 F A4 T Uno/ LD T3V X —{ffi 4
ETH01, MEEE 1YY ORAEIZKIT 2R %157 (Fig. 2-8a). AHFZET
X, ROBRETERNODZ 7 FAUERE LD, £OEKFEIHILA 70 - 130 mm
THY, BARDEEEENE D TREMEN S D (Fig 2-8b). k- T, (KE & = /L —1ff
DEYFERE 2 2B LTz, 2O, (KA XL o> THEEOY A X% 3 — 6 EIKDH
TEMSETHRRSBEELZHE L, ECOMAEDLERRLEHW TN GO0 E
Ef L7z, ZORR, AL EOEFHMEIX, A& 120 mm i 2512, A1 X0
INSTRBEDS 6 AR, KREZRBEN 3 EKROMAE O ORI HIK L 72 > 72 (Table 2-7).

24. B

241. ARXXDOAEM

AWFFEORER, A XXDOBENEDIHHEE, BRME, WdE, ZEEN/HBL, FIOF
RN ZEEL L 72 (Table 2-2). ARETHWEEO R/ DEEREIL, A 359 mm,
73 348 mm Th o7z, ZDOH A XL, JATHIRIC L » THE STV D iz
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HAEW RN A R R R 245 mm, M AR 340 mm) KV K& o/ Z &inb
OKPEIT 2006), RETHWZ2BEAERKATHo7mEEZLND. BEHEO X XX
FOENEMZRT T JATIHIE TS, RS & RIS HIEDME S L TV (Table 2-8).
IO END, AXFHAMITFAEEL L AL, ZOMEMITHIRICESTRIETH D
EEZOND. £, TRETIKHBEAMAE L LV O WEITR L, AR HIO T
DW|ETHLEEZOND. AXXOHIE, HOHBIOHERIZE - & BIEFRITR
LD EMEIN TSP - BIEF 1962a; KET 2006). AT THWZ AL, T% 8
BN OB HOFHTI 8 E TOH N REEMBEIC Lo THES N Z Lo, KEND
HOMAIZEORMZRKEL TWDHEBEX NS, Lo T, AXFFKMEN L BEGPITHT
THMAEEZPLCHEL TS EEZBND.

WIETERNCIBIT 5 SCL 2L, AERENRON, VW —7 4y 7 THIELT
TERDIE 5 DMKV ME & 72 > 72 (Fig. 2-1). A XX ZEESNLHICHNED 2t H+ =
ERHY, KRMBIZBNTHZONFEDPEEIRRE LBIE SR>z, £72, VI IZ
ENRONRNSTZ &0, RO A XXRITE LV LT —IZFF5] S vz AREMEDS
mv. k7o, MERERNCHR T D SCL TIIAEREZITR OGN o To. —RANCHEIEICIK T
HEFED A ML, BEXVMEDIT D EW & ST 5 M3 (Tytler and Calow 1985), A
X% L BRI T D I — 1 v /S —/X X Dicentrarchus labrax ®'HNEW %
NIFATIFFRIC BV TS, TL 420 mm 2L EOMERER] TIE, A @D SCIIZ KR E 22221372 )
S 72 LA STV D (Pickett and Pawson 1994). ARHAFZEClx, 2@ Y OiESHIET,
IV T EIToIED, FERICRY BT AREENRE X B, I, HEimn = 31)IC
HARTHE(n = 12)OEEE R DI L, MEREIC X 2 EMEOEOZE L TE, Zh
VL BT 2 o3 L.

IR LU, WX 7 FA VeSSBS LT e, RBEI MM > NE
REWCEDHATHEICEY, HRETCEIZ I FA Ty, hooX, a/vnm, vnER
EOMERMPEET D2 EDRMBNTHDHONM - BB 2011). £/, BEMICAETD
1 EOZAXXFDOBENEDIZEBNTYH, a/vn, BEITFAVY, =AU, 45
F= = Ammodytes personatus 7% E MBS L, BETEHABENR B ZWVMHI N H 5 & @G S
NTWBCERS 1995). SEIT%E & ABEICB T 5 AHOEER Z T2 &, W&
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FA T VLSMIEET DN R 520> 7= (Table 2-9). T DI &b, fanFER
EEAEMITF A TH DD, FIHT 2RI IR K> TENH 2 ArigtE R Sz,
Flo, FEHIZ Lo THEHZRECHBENE LT S22 EDHESINTHDH(ERDS 1995).
% BFEIL, PEIFO - OITTEFITHEIK T 2 AFEEEIK A 1 5 1L TE Y (Izuka 1908; 14 ji#
2004), FEREWEERBREICL D L, HAEB TIIATENLERICARINHEEICLE
BAEMMT 2 ERFEHICS LTV D, AFRICEWTS, Db TLEENHBLL
TV, A EERG -6 A)BRLUOKEN0- 11 )ICBRELZT2D, BFEOT—X
PAREL, BN HBT 22 BHOEEN WD LIl b EE TE A2,

B 5 (1995)1%, Rpkfads L OB O R RIEEEIL, KED 6 - T%REZE LTWD
2N b DL RNE 627 mm DA XFN2 RO ) v ait 236.4g (SCL 9%), [[ 398 mm
DARXXHNR116.7g D~ A T (SCL19%)Z B L7z EHE L TV D AFEICEIT 5 X
XD SCLIE, F0.7£09%TH Y, Ibm b D TH 3.8% & SEATHIFEIZ TR
EThHo7z. L, FATHEIZE N TS, SCI 23 1%L FThHLEENRL <, 1R
DA XX TIEZEEERD 40%LL 2 HO TV EHE I N TW ST - B% 1962a).
O END, AXRFAERFIMA G, ARRENER > TV D MfafE A L,
VARV EEZD o THAE L TWDAREENREBE I N TWNSD. Lo T SCI 2MEWH
FEDAXR b, MEMEOBOMLATE L HAENZHEG L TV D AEBENREZ6ND.

242, A O XA X— M
VIR R L OWMEEY ) O 3L X\ T, fFAEYORER L ORISR oI
BAERENAON. EREEY Y O RLX—fi%, Il EREEL ST L0
AIC 23 HAKD o 7= (Table 2-4). $£7z, HBREELZHHERICELET VOEBNIET
bHofzZ &b, BAEYOEENEMNT D L iEERY Y O KL —fli bInd 5 &
EA5. ZNIREETCHLRBOBR TH-72. UEOZ D, HEY Y O R LF
—IIZBI L CiE, AR LD QEFESCEEICL2EVDIZI NIV B EEL 525 L
Zxod. (o T, HEEHY DX ALX—iTIX, ~A VY, a/vm, =7V, 7
IR ERIEO L VEEAEMTH DL EE X LND.

—J5, BHAEM 1 EEYL Y O AF—lTIE, =/ vriRkbE, KNTT =2, <
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TV, ATV ERE, WAL T DAY O T XX — A EMEP N A ST
(Fig. 2-6b, Table 2-3). AIC |2 X 2 ET/VIRIROAER, i E & b A 2 3 AR
TFLD AIC B bIELS, ELSMETOETIVON 3 DICHBEEENIALEKE L
THEN T2 (Table 2-5). fHAY 1 EEYS Y O=F L F—lICEH L TH, HEEREZ
HEBICR ST T VOBKIZIETH 72, £, BEREZHHEHICEATTHALF
HOBRTH-7-. LoT, 1KLY O X —MIcBNTYH, K1 X2k HE
Bk REWEEZOND. EOZ b, BHAEMOERYT A XRE UHha, HKEk
FOWAIBICAER L TCWAEAMZHBELZFNELVZ OV —%2EEHT5H
EMTEDLEEZEZ2LND. £, AEHEIV LML ZLET LD AIC BMEN-722
EMD, BETOAXRIERBICL ST, FHICL o TROBME LT < R E
REAEMEFIAT 20K BNENTHL LEZDND.

B, EAEYO T X F AT FHIC L o TET 22 NN TV D
(Hislop et al. 1991). HNEGHTOFERG, HEEBIZAERT LA I X 7 FA T
BLOP vy RZ2RHBL VWD EEXBND. RETIE, AFICHABREHOME LT
WEINTHZ T FA VORI —MERE LD, YIRS CIRET
ZERTERNoT. Lo T, 4BIZBVWTHATIZBIFAAXFOZ R L F—EE 5
EWETDHIEHAIE, INODOZLEBETIHIVNENDLD.

2.43. A X ¥ OEREHER IS

HNEDIC X 2 BMERENT R X OBIER 72 BIAEY O = 3L X —fili & JIE L7 iR, 2 X%
IZHHESH R A XDORE B ABEEHAET D2 8T, RIS =RV F—2HET 52
EMTEDLLEEBEZOLND. AFRICEWT, ERBIR T & O 1L X —A{ffi & bl L7275 58,
WEKI, VKR, KT DN T = L —Afi 23 @V ME A 23 /L S 4172 (Fig 2- 7). ARBFFET
IZ, MR SRR, VROKIR 3R, WOKIR 2 R L MOKFER DAL, ERY A XL/ &V
[[1738 o 7=(Table 2-3). L2, ¥E/KIk 7 %8, ¥Rk 3 R, Wokik 8 FED ML &2 1
DT F—Alfi & JE U 72 FeATHFTE T, MiKIIC A BT 2 A OB ER S ) O—
T L, EARBIZHERTES, IFEGAELZ0 o7 L #E STV 5 (Niizuma

et al. 2014). = OEATHRIRIZIE, WAFEIZ 1X~ T~ X Silurus asotus(Ji. B 7::832.2£411.9 g),
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A F XA Micropterus salmoides(77.3+18.2 g)72 & D i) KA DOEEA M & & £ T
Wie, LD Z b, A< &b A XFDFH AT RE KU A BT DAY O = 3
XL, WLV IEWHARH S EEZ NS, £, FEEA R, HEMOK
P A RIZLENEEINT % & ST % (Hislop et al. 1991). ARHFFEIZHIT D AICIZ X 5 E
FOVRROFER, HRBIOWMERYS Y, 2031 EEKS VI 28EH O FLF
— i, R A AR ERES IO ER)N L VB EEL 525 2 & RE
STz, FATHERICBWNTY, BX T F AT Q274+£59%), 7 1(25.2+4.9%), 2/
72(17.4 £ 12.0%)7¢ & OFHRFOIREEH R NE N Z &R HE STV D (Niizuma et al.
2014). > T, =X —MO RN R GE, AXXE, AEREICLOTHET
XDHHHACREDO~A VY, asvn, vT Y, AXITFAVY, Tl Loz
WD Z ENEGER BRI TH D EEZ HND. AL, MR TX2EOREKI A XX
HEEOERY A XK GFTHZ EnmboinTnsd (R 2010). FEITHF5EICB VT,
HEf O g & fHOREIZ B W TR O SR 03HA X3 TH Y (Nip e al. 2003), k5 B
IC X o Tl 2R EAEMIT R D L EZ RS, L, AXX LAY ORY A XD
RE TR, WHEOBICHEIX R ben -7 (Fig. 2-3 XY 2-4). 2D Lnb,
4EICBVWTHAETIZBWTAXFTOBEELZHET H L XL, AXFORY A XX
57, FEHNRKRE SOBAMEHEL TWD LE L.

ABFFENT 3T, B OB T8 8 DRI AR 2 A X% O HNEW & T8
B, VoW F I FA UV EEORAEN R D EHIL L. —J, TR AVF— oD
RVHESHO HBLRIL, AL TERS, BEEZHO2HED 0.6%E 7272 0 KN
i Td - 7= (Fig. 2-2, Table 2-2). Z OFfERIX, Lo EFE L TRBLT, LiThFse
DREFRE =T L. WF I FA VO AKX —lilL, %k, BEELY O AL S AL
IZASTHEY, EiEmy. £z, BITFRICED L, oy ROiRERES Y O R
X—fliH 223 £ 1.6kl dry g & HEEAIE W 2 & AN STV 5 (Niizuma ef al. 2014). =
MO 2RI, HABICEWTEEICABRL TV ZERMLRTWDOIN -KE 2011).
£oT, ARXFE, WEBHZILE—EREL, REPOKERBAEMED, b2
TWEIAEY ZRRPICHAEL TWND B2 6N 5.

A RXXE, mAENERO 1 TH Y, WINZEAT 2B, EDZBOT LT
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WIZEEZ LN TWAR(HEY - KT 2002), MEEICHE_XTZRALF—lOEKLS, KW
A ZO/NS RN OEAEHTIE, LVEBEROMLERHD. LrLRNRS, Tadx
AAF—liEa ) vl ONTEWI EE, IIRIZBNT T 2 2B TE50TH
AU, W CEREE AT 5 2 L I3HHK & RIS R0 ROBRETIE Th 5 & 5 2 5. EE,
T I ARXOEEREHEY O —DTHDH L INTIEYOKET 2006), Ko WO
WAEBRTHAXXFEINZROEE LB LT 22 o THEL TS EEb TS
CGRFERME). L L3 s, HUBICET 2 BARWHAE TIET 2 R ON)INCAERT 5
AN EL BB L o7, ZOHEME & LT, B REIC S T 5 KBTI OREH
HTF oD, FRBOWEEN BRI )T TEEN, BEI, 55, LF)7e & o RE
FNFAET 228, TR T & 2 8N T3 E T IX KRB 23 FAE L 72 WO (Fig. 2-9).
Fl, ARXFIZLE o THEOLWEIAM LB X BN D T 2 OFERAERIITHERN0 -1
tFREEZ2 DIt LT, BN G D R)11E 342 — 357 t, S lI0I 1 A3 & 5 SRR I
19 - 21t & & I TV D (EMKES NKEIRZEALFERF 2011 -2013). S HIZEAT
IZR T DITEAEICBN TS, A XFNERRPEAKIBUTHEA U7 R 22 B NE R & h s
ol @ETHR). LEOZ Lnn, BB O TIERMANCALE S 28N FRE DI 4
B2 2X%0%, WINZAERT DA ~DIRIFEMROATREER B 2 b b.
AMFTIT, VT =7 4 v 7B XOE S THE LA XXFOFAREY Z2 it
L7z, SEATHRSETIE, 3/ vn, =AU, =7 U0, k% ERED L HEL
TW(EIRS 1995). HABDOARXXFHRNED» S 26 O R /LF —{fi o @ O EEA
WS HBL U 72 Do Te BEIRNE, A X082 ORI B LT < 2B D % W EE i % F
ALTWaienlztExbhd. LiL, BARYERNRS S B LIM@EDZ R,
20154F 11 HICT 1 O E MMM THEINZ LD THL Z b, KR TR LN
FERIT, FEHHRAZXXOREMEDOEE 2+ 7K L T RWATEEERE X b b.

244. TX VX —BEHEEBEOHE

BB IHTTIE, XMLV PEINTZAXIFOFNOIFE A EHB/NE(TL < 100
mm)DHZ T FA T Yy X Tholz, Yy 2L TE, =RAF—liicBEd 2%
ARG oneholcl &inh, fENLARLN L =RV —EAEREICE L T, AR
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BWTEAEZ 7 TFATNZONWTOR@m LD RETEIF I TFA TV VORERELE T
X OGRS 2 DD 872 2 BRA A2 1572 (Fig. 2-8a). Z® 2 DOREFRAUE, %
A4 110 - 120 mm £/ 347 T4y E & 72 (Fig. 2-8b). ERBE o S EMEkic AR+ 250 4
7 FA T IFEIT L o THRARDFHNIEINZITY, EFTIIERIT 120 mm ML, &
MHIKFETIZ 70 - 120 mm OFEIFENH D L WE SN TWDH AR D 2013). ZDOZ & h
B EFLD 2 D125 bz BfRAUL, R DRI SIS 2 0 % 7 F A U v OEKEEIC
ERTL2EZExbN5. 228, RIMELREDOD X 7 F4 U ORI A X%, HkiZ
WA SN TS EBBxLND. HAZHWTEREEZE LT HZ LILARETHHN
(Campana 1990), HARNOEEBLZHZEHE T L Z LITWNETH L. RIZEHTEENS
MEEZHE LGS, SOICKERMENELDARESS D, £z, BRI ED
BHETFA VDIV —liEHET D EHARTHD. BRMEST —FX—2R
W2, 2O E T TFA T 1 g DR F—AfilE 8.03 kJ(1.92 keal) & FLa S LTV 5 (H
ARE AR ER Y 2010). LU, BSOS RIZATEE O SO T RV F—{fi Ldt-> T
WRW2, AR IEAT LB CILRRFHET 5 fIRetER S 5. EBE, BiRaRO
TRVX NS EYAE 3.6 g DI X I FAVVOERTZF X —%5HT DL, 1
B 290 kI LEtE SN, —, ARTHOLNEEAKBRKNLITIEYE Y DR LX
—flilX 16.7 kI LHEIB I NI, ZOX I TR EDOHEEL D LA EE KIEICH
KiHi+5&EE2 615, Lo T, 4ETIE, ARETHELNLBER L = RLIX—flid
B HWTHATICBIT =X VX —EBEELZHE L. B, AEIIBWVWTERD
REWZHZ I FAVEHHBEL TOTEBEENSIE, SBOAVZ I FAVLE2RDY Y
SNHRHBL L7 (SCL 3.1%). BANEWOHBL LTI REIL & 7 FA4 U v OFERRIT
79+ 11 mm, MERE36+1.1g Tho7o. LR THOLNBARLOHET D E, D22
SEBL8REDOH I TFATIMLITF1794K DR VF — %G LI LHiET H 2 &
DAA[RETd %5 (Table 2-4).
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Table 2-1 Details of Japanese sea bass investigated for stomach contents in Tokyo Bay. Mean +

s.d.. SCI (stomach contents index) and VI (vacuity index) indicate the wet mass of stomach

contents to fish body mass x 100 and ratio of the number of individuals whose stomach was

empty to the number of all individuals

Total length (mm) Body mass (kg) SCI (%) VI (%)

ALL individuals 522191 1.46%0.79 0.7£0.9 233
(n=43) (370 - 765) (0.43 -4.74) (0-3.8)

Female 524199 1.47%0.88 0.5£0.5 29.0
(n=31) (370 - 765) (0.43 -4.74) (0-1.8)

Male 514+72 1.43%0.54 1.1£1.3 8.3
(n=12) (425 - 624) (0.71 — 2.34) (0-3.8)

Lure fishing 494192 1.36£0.90 04+04 31.8
(n=22) (395 - 765) (0.54 - 4.74) (0-1.5)

Purse seine fishing 550183 1.57%0.67 09=£1.1 14.3
(n=21) (370 - 704) (0.43-3.19) (0-3.8)

Parentheses indicate the value ranges from minimum to maximum. SCI was calculated

excluding Individuals whose stomach contents were empty
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Table 2-2 Taxonomic composition of stomach contents of Japanese sea bass in Tokyo Bay

Taxonomic items Number Wet mass Number Wet mass  Frequency
(No. of prey) (2) (N%) (W%) (F%)
Pisces 40 179.9 58.8 60.3 62.8*
Engraulis japonicus 20 45.8 29.4 15.3 25.6
Hypoatherina valnciennei 1 2.2 1.5 1.0 2.3
Nuchequula nuchalis 1 3.0 1.5 0.8 2.3
Sardinella zunasi 16 84.3 23.5 28.3 233
Unknown sp. 2 1.1 2.9 0.4 4.7
Cephalopod 2 0.4 2.9 0.1 9.3*
Euprymna sp. 1 NA 1.5 NA 2.3
Unknown sp. 1 NA 1.5 NA 2.3
Crustacean 14 1.9 20.6 0.6 32.6*
Anilocra clupei 4 0.5 5.9 0.2 233
Unknown spp. 10 1.4 14.7 0.5 9.3
Polychaeta 12 2.5 17.6 0.8 9.3*
Unidentified - 4.1 - 1.4 9.3
Digestive remnants - 111.0 - 37.2 -
Total 68 298.3 - - -

NA shows not available too light to measure the body mass. Asterisks indicates the group tested

by chi’ test (df =3, p = 0. 0000023)
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Table 2-4 Generalized linear models of factors (prey species, dry weight, and habitat) describing the

mean energy density (J dry g) and with Gaussian error distribution. A AIC indicates the difference in

AIC value between each model and the best model

Model p value Intercept Coefficient AIC AAIC
B B2
Energy density ~ dry mass + species < 0.0001 16864 (4) 107 4548 (JAI)  726.8 -
—4232 (FP)
~ habitat + species <0.0001 19539 (4) NA 2072 (JS) 733.1 6.2
NA —6561 (FP)
~ species <0.0001 19539 (4) 2072 (JS) - 733.0 6.2
—6561 (FP) -
~ dry mass + habitat <0.0001 17224 (B) 52 2111 (F) 741.1 14.3
3129 (S)
~ habitats <0.0001 17746 3127 (S) - 742.7 15.9
—2502 (F) -
~ null model - 19088 - - 775.5 48.7

Picked up only five models having lower AIC value and null model. The coefficients in models having a
factor of “species” were listed maximum and minimum values. Abbreviations in “habitat” model indicate:
F: fresh, B: brackish, and S: sea water; and in “species” model indicate ; 4: ayu sweetfish, FP: freshwater

prawn, JAI: Japanese anchovy > TL 100 mm, J42: Japanese anchovy < TL 100 mm, and JS: Japanese

sardine
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Table 2-5 Generalized linear models of factors (prey species, dry weight, and habitats) describing the

mean total energy per individual (kJ) with Gaussian error distribution. A AIC indicates the difference in

AIC value between each model and the best model

Model p value Intercept Coefficient AIC A AIC
B B
Total energy ~ dry mass + species <0.0001 -53(4) 22 56 (JAI) 334.1 -
24 (FP)
~ dry mass + habitat <0.0001 -19 (B) 21 4 (F) 3413 7.2
22 (S)
~ dry mass <0.0001 -6 21 - 355.1 21.0
~ species <0.0001 487 (4) 175 (DGS) - 532.2 198.1
—468 (JA2) -
~ species + habitat <0.0001 487 (4) 175(DGS) NA 532.2 198.1
—468 (JA2) NA
~ null model - 175 - - 567.6 2335

Picked up only five models having lower AIC value and null model. The coefficients in models having a

factor of “species” were listed maximum and minimum values. Abbreviations in “habitat” model indicate:

F: fresh, B: brackish, and S: sea water; and in “species” model indicate; 4: ayu sweetfish, DGS: dotted

gizzard shad, FP: freshwater prawn, J41: Japanese anchovy > TL 100 mm, and JA2: Japanese anchovy <

TL 100 mm
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Table 2-6 Details of prey species appeared from the stomach of one individual foraging most
prey individuals (eight Japanese anchovy and two Sumatran silverside). Mean + s.d.. Calorific
values were calculated by the equation between wet body mass and whole calorific values of

Japanese anchovy (Fig. 2-8)

Prey species Total length (mm) Body mass (wet g) Calorific value (kJ)
Japanese anchovy 85 3.58 16.9
78 2.97 15.5
88 3.77 17.3
84 4.40 18.9
87 4.62 19.5
72 3.49 16.7
74 2.80 15.2
65 1.51 12.7
Sumatran silverside 86 0.4 NA
74 0.7 NA
Total - - 179.4%

NA shows not available because of any data for calorific value of Sumatran silver side.

Asterisks indicates the total calorific value obtained from Japanese anchovy
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Table 2-7 Detail of the comparison of regression models for total energy per individual of

Japanese anchovy divided by each sample size

Sample size Sample size Total log-likelihood
of small size anchovy of large size anchovy
3 6 29.1
4 48.7
5 4 28.8
6 3 25.4
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Table 2-8 Taxonomic composition of stomach contents of Japanese sea bass in Harima-nada

improved from the previous study (Miyahara ef al. 1995)

Taxonomic items Number Wet mass N% W%
(no. of prey) (2 (%) (%)
Pisces 1023 2723.1 16.6 66.8
Nemertinea 1 0.0 0.0 0.0
Aschelminthes
Nematoda 184 0.0 3.0 0.0
Annelida
Plychaeta 319 906.5 52 222
Arthopoda
Acrothoracica 2 0.0 0.0 0.0
Mysidaecea 18 0.0 0.3 0.0
Cumacea 84 0.0 1.4 0.0
Isopoda 4 0.0 0.1 0.0
Amphipoda 1481 5.2 24.1 0.1
Decapoda 2921 299.2 47.5 7.3
Echinodermata
Ophiuroidae 1 0.0 0.0 0.0
Unidentified 107 142.4 1.7 3.5
Total 6145 4076.5 - -
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Table 2-9 Wet mass composition of Pisces in stomach contents of Japanese sea bass in

Harima-nada improved from the previous study (Miyahara et al. 1995)

Taxonomic items IM and M Y IM and M IM and M
Wet mass (g) Wet mass (g) W% W%
Pisces 1847.1 36.1
Sardinops melanostictus 282.9 10.4
Konosirus punctatus 693.7 25.5
Engraulis japonicus 655.6 17.3 24.1 27.9
Trachurus japonicus 29.9 1.1
Decapterus maruadsi 38.1 1.4
Carangidae sp. 2.7 0.1
Ammodytes personatus 280.2 10.3
Acentrogobius pflaumi 54 15.8 0.2 25.5
Acentrogobius flavimanusi 38.1 1.4
Other gobies 21.8 2.9 0.8 4.7
Others 19.0 0.7
Unidentified 658.3 259 24.2 41.9
Total 2720.4 62.0 - -

IM and M, Y indicate Immature and mature (more than 1 year old) and young fish

(below 1 year)
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Fig. 2-1 The geography diagram of Tokyo Bay. Red circle and Ash shade indicate the thermal

power stations and sampling area of Japanese sea bass, respectively
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Fig. 2-1 Stomach contents index (SCI), relative wet mass of stomach contents to fish body mass,
categorized by a: fishing method, and b: sex. Asterisk indicates the significant difference

(Wilcoxon test; df =1, p = 0.002154)
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B Crustacean
B Cephalopod
O Anneldia

B Unknown

Fig. 2-2 Composition of stomach contents divided by taxonomic species for a: wet mass
excluding the digestive remnants, and b: number of prey items. Each pattern indicates the prey
items, respectively. Each number on the center of the figure indicates a: the total mass of

stomach contents and b: total number of prey items
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Fig. 2-5 Mean energy density of ten prey species per a: dry mass (kJ dry g™') and b: wet mass
(kJ wet g). Error bar indicates standard deviations. Each abbreviation indicate; JA1: Japanese
anchovy > TL 100 mm, JA2: Japanese anchovy < TL 100 mm, JS: Japanese sardine, JJM:
Japanese jack mackerel, SP: spotnape ponyfish, DGS: dotted gizzard shad, A: ayu sweetfish,
GM: grey mullet, YG: yellow goby, FM: fresh minnow, and FP: freshwater prawn
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Fig. 2-6 a Mean dry mass, and b whole calorific value of ten prey species per individual. Error
bar indicates standard deviation. Each abbreviation indicates; JA1: Japanese anchovy > TL 100
mm, JA2: Japanese anchovy < TL 100 mm, JS: Japanese sardine, JJM: Japanese jack mackerel,
SP: spotnape ponyfish, DGS: dotted gizzard shad, A: ayu sweetfish, GM: grey mullet, YG:

yellow goby, FM: fresh minnow, and FP: freshwater prawn
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Fig. 2-7 Energy density, calorific value divided by a dry (J dry g') and b wet mass (J wet g™),

of prey species categorized by each habitat. Black bars and boxes indicate the medians and 1*
and 3" quartiles, respectively. Each symbol indicates the p-value in Tukey-Kramer test; (df = 2,
* p <0.05, and ** p < 0.001). There was significant difference in energy density per dry mass
between habitats (Kruskal-Wallis test, p = 0.00362)
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Fig. 2-8 Relationship between wet body mass and a: total energy per individual, and b: standard

length of Japanese anchovy Engraulis japonicus, respectively. .Solid and dotted lines indicate

the regressions (solid: y =3.886 x + 2.712, n = 6, R’ =0.9984: dotted: y=24562x-314.82,n

=6, R’ = 0.9846), respectively. Each regression lines were divided by the threshold according to

maximum log-likelihood in Table 2-7. Red line indicate the threshold value at standard length
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Fig. 2-9 The geography and isobathic diagram of Tokyo bay referenced by Kaizuka (1993) and
improved by Kataoka (2011)

37



3E MRMHEBEEE DO E

3.1. %5

)R-, 2T, EOXO BRI LICTRAF—EHET L%, BOEIGE K
Hr bz B (Wilson et al. 2013). T D 7=, TXLX—HERELZORYZIEET L L
(X, A, 1TH), 2L CELAEREZEET LS ECRERBNRERTHDL L E XD, HILH
RBHICBWTIE, SEEHOKES DA BE U CREHREE D D = 3L X — 14 2l B
EHEE T D ITIEN LT D (Butler ef al. 2004). LvL, —EFEFR/KEZ SAEICHE T

D96, WEMAE U TREoK Oz EFNAR DN BREE K PICAIR, AL TLES 2
D, 50%ITVERZENA U S Al REMEDMFEHE S 4TV D (Nagy and Costa 1979). F 7=, LA

RMEMORENL, HEPRKE L, EMEENICHET DLERH L7280, FRFINIC
FORERAN VAL G 2 25 A[HREMED & 5 (Cooke ef al. 2004).

B CITEEK b o RV B T, MERTHEIRE(VO,) & BrGRE O RIRR A R, 2
DX E AW TREEE ZHEE T DD ENLEAIITDOIL TV 5 (Brett 1964, 1965;
Beamish 1978; van den Thillart ef al. 2004; Claireaux ez al. 2006). £7-, WEPKEE LA H
R FEHRENE 12 $(TBF: tail beat frequency) <> LA%L, % L CIT4E TIZEMW O I T — ¥
76 FH U 7= A NE B 5 55 (DBA: Dynamic body acceleration)d, VO, & X < FHRE4 % =
& ANE B AL T U B (Steinhausen et al. 2005; Wilson et al. 2006; Clark et al. 2010). DBA I%,
Y OB E I K> THEL DEHINERE R 2 b F A &4, T4 TlX, ODBA(overall
dynamic body acceleration)<° vector of the DBA(VeDBA)HME B 35 S OMRHHH & % #E @9
LoD RWRECTH D & s STV D (Halsey et al. 2009a; Gleiss e al. 2010; Qasem
et al. 2012; Wright et al. 2014). i TIX, BHEAGEG O EERERIZLY,
A Bk 2 B O KR EERS DBA 72 & OISBHEE 2 BBl & RIRFIC R 5 2 & 8
A[RE & 72 > T & TV 5 (Tanaka et al. 2001; Kawabe et al. 2003; Clark et al. 2010). L2 L,
WEpKIHE FE D3Rk C & 2 RLekihE, P KA ChH L7 DEE TE H2AHIIBR LN TN D
F7o, TBFIZEH AT CHRIT 2 Z L AREETH 5. DBA ITIZ 2 6 ORIBEAIZRWD,
IEE DY 7Y o ZRIC L > TEA 26T D 72 ®(Halsey er al. 2009a; Mori et al.
2015), SEATHIZE CMEZ T 2 ON LN E WHIEAH S, ZHhbHDZ L b BA
TR T A2HEOMRFEELHEET SOOI 2D OMERZSE LIZIEHE O
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FERNLETH 5.
FHEOHBHEICB T ARV —EEE C Lo p L X —HEEORBBRIZILL TFToRIC

XV Feak 9% Z & M T X B (Elliott 1976; Tytler and Calow 1985; Videler 1993):
C=(Rs+Ry+Rp)+E+P,

BN EOWN, Ry (TRIEF IR &, R, 1XilEMk 72 & OIEFB) CHER S L2 iEE) =
A b, LT R IZEEZ WAL « WINT 2 72D ICF A S35 AL & (SDA: Specific
dynamic action)Z #9". E [IHEME, PIIRERZERT. RJIIAEZEZTIMNEEIMICE
FAEHAX N THY, ZOREMDE LD HIRIEF I I IAEAERFEE L, REREIC X
S TRELELT D Z L2 5TV D (Claireaux et al. 2006; Halsey et al. 2014). {H.L,
BRI ZEBE D EMRBRIFK T 5. FET 2 A N RIIEHOESBIEKF LT
WA=, Ao X0 AENEL <, FRERGE & I K& < Z1bd 5 (Boisclair and
Sirois 1993). M7=, Rk OEPFEHEA LEGFHCHBE I REREZ AW T, HEHE L8R
BRIRE 20 L CRigk 95 Z & TENE, A FICHB T 28O = 3L X — {4 EH
ZIEREICHEE 35 Z L 2N A[RE T 5 (Lowe 2002; Murchie et al. 2011; Wright et al. 2014).

F I TCARETIE, BATICBITAAXXFO R VX —HEHEZ LV EfEICHEEST S
TeDIs, ZOMEET —F2HWIEBEOEELHBL 2 MNE TS, £, BHR
HEEENOG 1LY O AF—HEREZRE L. 51T, BATHIRICE D #RE
SNTVWDL L F—EGE, JhlkE X LXF—HEEOMANS, AXF21HIZ
VLT HZR LT —ERELMRE L.

3.2. MELE ik

3.2.1. MEMBEEEEOHE

B OO T3 ORI JE AL & 3 AN TR (35°26°N, 139°53°E), & 7 (X U #iL
FONK O HIT IR D48(35°38°N, 139°40°E)Z B TEE 11 R CE¥ 2R 43040 mm,
SEHJIREE 0. 62£0.16 kg, Table 3-1) Z 9% L, 500-liter 15 f /Kl 2 F W CTHITKFE KA
VEPERFZEAT £ THCBRE L7z, 22k, MEUEMIZEITIFE Tl STV D I E T
LW FNR/IMEL D K& o722 &M H@#K 1971; Hayashi 1972), 2 CHEVEKRTH
D EHW LTz, Bk, BEUMEER AR 500-liter F 721% 1000-liter MK AKIE T
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fAE L, A TDI =T = AT AR ORET—arT v a)— , KiREZh
Zi 15, 20, 25°C (PR TRRE CHOABIZ L7z, BIBIM AT H 2 7 F 4 U o)
DA VAMIC3-5SEIOHEETE 2, 1EY ) OMEEIIAEDOR 2-3%E Lz, 2012
9, 11 H, 201344, 10 A, 2014 4 11, 12 H, 20154 7 H IR HERE VO, %
WE L. 728, VO, DHIE 2 AR HAGEEA Pk L7z,

HE BRI A ICHERAE 0.1 -05% D 2-7 = / =X /) — )L THEEL, 25 (TL: Total
length) B8 K OMAEZ Z N2 1 mm, 10g QBN CHIE L. B, A 0/aREE
— I D 2 BETICTHOE L CREBT, T AF v 7 r—7 v m AW CRNUInNE
JEFH(ORI400-D3GT, 4FK 45mm, ER 12mm, ZEHEE 10g, U b LA F 0 REL,
HA)Z D AT 7o IR R 2 3 U 7otk fhakfi 2 0> & 50 S 4, 127-liter Blazka
ASEEUK I > /v (van den Thillart ef al. 2004)\ZE A L7=. Z OWEpk b > i B MFE
T 7 UNEIEIZ 2o TR Y, BERERE D% AIZHAE SN2 7 m T I X0 il A S
T 5 Z &R TE BH(Fig. 3-1). #Evk b > ruiE, PVC A 7B X OHbE =— LD HR— A
ICEVEFRS v 7 LERE SN TR Y, IS U 7 IXHICm T — L — 3 LIS LD RFER
kB2 MERR U7z, dIE b o RARENICIR Y AT Hiv7e 7 e T OEHEHEEZ L0 il
Bl RURATFENSMARTND PVC A 7ORPICERBES L TWDEEEE VW
—(InPro6050 series, Mettler Toledo £, ZA ZNZ XV, 1-liter 24 7= V) OUS(ERESE I (mg
O, IYZHIE Lz, MR MEHE(VO,, mg 0 kg min" )L, Bk b RAEEOEFRE
FOVHRTENISHEH SN, Y7 U =7 Labview(H AR T v a F /LA AV L2 K
BRA At BA)NC LV PC NICRAES T, FHAIR OB FIE R IRE 2 100%70 5 60% D
BHZER D, BREEDY 60% A 72 o 7o R CHIE 2 Wk U7e. @ sk & o 7 I BH
HNA T OREL, Wk bR VN EBHBUIREBIC L CRFRREOIEZ{T72. b
FNVHNOBEFBRBRITEA LT AXRIC IV IR2 TR S LD, LFORITE Y VO,
AR LT,

VO, = (127A[0,] At Y BM™) (3.1)
Z O, A0, AT IZHEAKFRI(1 )Y 0 IS B DIRTFEEFE (mg O, D R R %,
BM [T A X% O HE &(kg) & &7 .

VO, BIEDFNT, Wk ko pAPIZE A LA, MdE 0.1 -02ms! ICB W TR
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1K 24 RefEGK S E T R R VNOBREICHIE S 2. Z oy, EfidiEs L0
fig > TWIikcHIC Ik L, —EDSFT TEM LTV, £D7ed, BAETOZX XFN
B 0.1-02ms” TR L TOARIEIE, IZEA LB TEML TOWDEFRETH D
&M U7, WK B 2 R~ DBIE %, 01 msT 7201202 ms! 5 VO, HIEZ LA L,
30-60 [ DVETFIR RN TR A4 sk Lz, WEMICHEL 0.l ms' £721X02ms' 0
BhnsH, HEMA 1 RIS L CHt# 0.9 m s F CHEE CHEEIOREEIT 2. £,
FRE ORNZ 30-60 s3I OKEHIM A5 T, Bk v 7 IZBR L34 TOREMRIL,
HPK & v 7 LHliEpK b o RV N DK EEER S & CRAFIER O 21T o 72, WEHI, 7
Y XV HD B 7 A4 H A Z(HDR-CX700, Y =—#X&, BANC L A 0TEE b
YAV O i Ule. HEEENEE L, SRIEIC I S v CHEK X [H] 0D % R I R L 4
LRLNTHER P RV N OBER AT HEZET 5, b L ATHREPHEE LIZR 5%
DR IDRIEDBIER SN BT, ORI Lic. £z, ©F 4 OG5 B
& 5 4y M 0 J2 fEHR B 5 I B (TBF: Tail beat frequency) % HlE L, IHBEIEOIED —> L L
7o WK R U RIVNOKIRIE, BFKE I DI —TF =V AT ABXOERENO =T —
DT vat kR STz, B, AR TR A DOKREDE VN EZEET D
=0z, FEKEEm s YOO 0 IR EMEEWU, BLs)EMHHT5.

3.2.2. REEER K OEIKEE

W SR VB R (VO,) & WEVGORE U, RIEIRBE IS TBF, % L Tk ¥ 2 (RHilR B & 1%
B BBF(3.3.1 /) & OFR %, SEATHIZEIZIE > TUL T ORUZ K 0 [BYF L 72 (Wright et al.
2014);

VO, = exp(a + b*X) , (3.2)
ZDOWKf, X (U, TBF, & L<LIXBBR)DET, a & bITEHTHS. ZiH 2 DD
T A= =T AR A &7 /L (GLMM: Generalized linear mixed model)iZ & ¥ HE &
L7z, FRMTICIIHEE Y 7 b7 =7 R(R project, version 3.0.2)DH D glmer 78 v /5 — 2 %
AL, BESMICT ~ahik, 707 RITETNZNOMEER ID ZHE L.
£, FEATHIGE L T 57212, DBA(ODBA & VeDBA)Z% &t L(GHE F1EIL 33.1 %

£, LI ORI LY A7 L 7= (Halsey et al. 2009a; Qasem et al. 2012; Wright et al. 2014);
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VO,=c + d*Z, (3.3)
ZDOWf, Z (ODBA £721% VeDBAWEEL T, ¢ L dITEEKTHDH. ZhHEHONU,
TBF, BBF, ODBA, VeDBA), Y OEK % ETeET VO TSI EN NG HWT 5720
(2, FRHIE I YE(Akaike’s information criterion: AIC)Z #H8 L, 7 /VREHEZ1T -
7.

FN) DR IEIRFEIZ 31T D AT (RMR: resting metabolic rate)ld, /K23 & (AR AE 72 & WEK
b RNV EROEFIRFE OB EZFHT 5 2 LR, 22T, RG220 ER
RITEBWTUHKHEED 0 O, DFEVUIA a OEZRIEARHERORD  ITIEERGH =R
(SMR: standard metabolic rate) & L T\ 7= (Videler 1993). F7=, A XX DilFikiES & £
FHEAE & U ClallilE vkl B (U,,) & FH Lo, Uy (3B ENIEEEY 720 @ 22 A M (COT: cost
of transport) N HIRVVEE TH 5. COT 1%, MHEEEFHH 14.1 T mg O, & VvV THNL
Wil db 72 W OBE = 2 M kg km ) IZZH L 7= (Videler 1993). COT 1E(3.1)XDEH a B
FXOb ZHNTLUTFTORXNSEE L7=(Videler 1993):

b
COT = w. (3.4)

F 1o, REEKEE U, CTlEvkd 5 I8k H & R 2 15 B3 HH B (AMR,,: active
metabolic rate) & L7-. FEFEEEF AL 14.1 T mg O, 2 FWT, Rk SMR & AMR,, 5> 6
FEAEMCHTIR BB GEEOIR B 36 L ONEENRAE(U,,, THEVKIREENICH 1T S 1 H Y » OREHHE

J£(DMR: daily metabolic rate) % 515 L 7=.

3.23. KIBDOEE

RSBV E R VO, 1Tk 2 /KIBRDOEEE TR 572912 EFE DX (3.2)  DNB.3)ITKIED

HHZEML, LT 2 20T X > TENENEF LT,

VO, = exp(a + b*X + t,*Temp), (3.9)

VO,=c + d*Z + t,*Temp, (3.6)

ZOR, X 1L U, TBF £7-1% BBF, 24 Z X ODBA }¢ ) VeDBA, %% Temp 1%

KiRzEYT. "B a, b, ¢, d, t;, LIFENENERZRT. THHDNRTA—F—1
FREEFERIC GLMM I X W HEE L, AIC ZHH L7z, X(3.2)FB LVN3B.3)D AIC & kg

THZELITED, KREBELIEHER, THAREORER LT 202K L.
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F o, REHEE ~O KR O R Z2 E'&EWICHYE T 5 72 OB T ORUTHE > TIRERE
0,9 % % L 7= (Clarke and Johnston 1999);

(3.7)

on- (1

O, EEV, BEXO WL, EAENLOFEKE T BIO T, DRO VO, 2K 7.

3.3. T — X R
3.3.1. IEEEE & 5B E (BBF, ODBA, VeDBA)D R
BET T, B RIEIRENE RS TBF #EEHIT 5 2 NEEETH L. 2, A
FADWFOR BE A FLik T & 2 B ELE T & 73 2 3 (Tanaka ef al. 2001), W70k B
FRET 57047 3 0.2 msT LUF CREHE LaW e, kE DRV T, i
VKRB 2 5ldd 2 2 LR HBRZRW. £ 2 TAMIETIE, BAETIZEIT 5 A XF0REHH
JE&HEET D 7200, /INRINEEFE R 23 08k U 72 2245 07 [0 D NI FE 5 — 4 7n B (R i 4R 1)
W (BBF: body beat frequency) & H.H L7c. fEHTICIZT — #f#MT Y 7 R =7 IGOR Pro
version 6.2.2(WaveMetrics £1:;, USA)ZfEH L 7=.

FI, MG 58 2 TR A AT A TR OMNEE T — 212 0.3 - 10 Hz O
PHCHlife Y = —7 Ly NEBE G L, IEEET — & O & IRIE 2 ER0HH L.
#%, IGOR b CHBH# 4 244~ 7 b 7 = 7 Ethographer (Sakamoto ef al. 2009)® peak tracer
BEREZ L LT, ZMINTINEE QR T — 2026 | o 8RB E W 210 H L
7o, ZOW, ) A XFT =X &Y L 72912 peak tracer DT k1 E—% 0.90 —0.96 |2
IE L7z, £ LT, peak tracer |2 0 Y M S 7= i B o> gL BRAREh JE 1 (FD) 0 i B %
{RER BN JE AL BBF (Hz) & L CHEIIN L7z, 7eds, BRRHEHEOMHTICIE, 1 9%
W DY BBF % -,

FTo, AT THEE STV 5 HIEILHE > T(Qasem er al. 2012; Wright et al. 2014),
IMEEET — %735 ODBA & VeDBA ZH.M LTz, KFEIZEWTAINEREFFOKENT, T

HEDOE9.8 msH) &Rkt 0 &7 s, EANMMEE Y bV & INEE R OE#hA A H

DR EAC T HIRE, GRSk O R BINE RSy (B O REIAL /) 1%, BN E Sk
JL D sin® DA & L CHodk S 45 (Sato et al. 2003). L - T, AOMEET —Z (21X, B9
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DEEHZACIZ AL S S INERE il or & & Lo RO NEEE &, B OTEENIC L - TH L 281
ER B 738 & Ty D (Sato et al. 2003; Watanabe et al. 2006). N E O 45— & 7> 5§ i)
AR RS 7201, £7, 2BORBEHNT, MEEOCAET —% OBEIEE % E

L7, ZO2PETBEEY LIINEELZHINEETHD L EEREL, LOMMEET
— Z I OEIINEE RS 222 LB < 2 &2 X0, B InEE A Sy 2 i L 72 (Qasem et al.
2012; Wright et al. 2014). Z D%, LLTFORUTHE > T, £l DA U 7= Bhrghn i f L

575 ODBA 33 5. O8N VeDBA % . L 7-(Qasem et al. 2012; Wright et al. 2014);

ODBA = | Ax| + | )] +| 44, (3.8)

VeDBA = Ax” + A" + A2, (3.9)

Z DR, Ax, Ay, Az, 1ZENENLEL SN, BTN, EEST 10 OBIRIINE RS A &
3. ODBA ¥ KU\ VeDBA 1%, 2 B FHEZF T Lz, VO, &L OBMREZTHRHBRIT
D 2 BEEID ODBA 1 XU VeDBA ON-HMENS, S 51T VO, Z &l L 72K5[# (30
D5 60 )OI DOFEEIE & L TR L 7= (Wilson et al. 2006; Qasem et al. 2012; Wright et
al. 2014). F7-, FATHFE L T H7-0I2, U & VeDBA Z# L FOXIZ L v [lF L7z
(Wright et al. 2014):
VeDBA= a*exp(f*U), (3.10)
ZOFFa & BITESRERT.

34. R
3.4.1. MEMBEEEEORE
1RO A XX &2 HWT, KR 15, 20°C 123N TEF 56 [EIOfE R & HE VO, DHlE
ZAT>72(Table 3-1). ZOW, HEFITAEPEEE LIZZRD, bR REBORRRIC
Mz TRAED AR L T D, B A HERF C X 22 < 72D, 7o EIEWIZHEK L T ds
S72EF 8 FIORPEZFRE, KR 15°C TiE 3 fE#{K 22 [FI(ID. 6 - 8), 20°C TIL 5 fE{K 26
[E](ID. 1 - 5)DFt 48 [A1D VO, JlE D AT I V=, JKIR 25°C TR, hnis
FhadERE L, dEk b FVNICE A LT21E, VO, ZHIET HATICAETHT L.

VO, HIE O EF A X HITEVEER ORGSR, 8 B 6 BANIEK#E 2.1 BLs" LIk
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(REEIREN S E TBF: 2.7 - 3.0 Hz)IZ 72 5 L g0 U ClEkATEN 2 T L 72(N 1 Rl 1.7
BL s Tl U 72). JURmy O SEH)lEpGE 1L 2.1 = 0.2 BLs™, ¥ TBF 13 2.7 £0.3 Hz
Thol-. AXFITFEKHEE IS U T 3 DD RA D lEKREEZ R L. 0.5BLs" RKiiED
RF(TBF 1% 1.3 Hz Kiif), A XX 13Mfg % BT 728, BiEL H F 0 b7 0lrkin
7R WEK (WeiliEvk : Unsteady swimming, Table 3-2 @ [UJ Y&{T->7=. F7=, 8fHIAH 6
EA ANPGRS 0.7 BL 8™ OFF(TBF 73 1.3 Hz LA L), Mg Z ke 9IRS & 5 g
k(Steady swimming, Table3-2 ® [S] )&BAsE L7, F7-, WEpk#HEA 1.5-1.7BLs”
PLEDWs (TBF:2.4-27Hz VL L), REEZHEGHIIZHE Y 7203 & & FEIZ J8ElE vk
(Burst-and-glide swimming, Table3-2 ® [B] )&1T5 X 9272~ 7=.

ISENE (U, TBF, BBF)& VO, DBMRIE, F(3.2)I12 & » T/KIR 20°C K OVKIE 15°C T
[AlF S A, FIEIVE R 72 BIBIMR 235 54U 7= (Table 3-3, Fig.3-2). TBF & U, BBF &
U, £721% BBF kO TBF ORI b RERICAH E MBI 7 5472 (Table 3-4, Fig. 3-3). Al
Z2C, @3N LV [al)7 &7z ODBA Fo ) VeDBA & VO, DI b A E /e fHBIBIR S A
D A7z (Table 3-3, Fig. 3-4). JeATHIE & ik 2 72 DIZA(3.10)12 L Y [Bl)f L7z VeDBA
LU ORI, LLFORE S (Fig. 3-5):

VeDBA= 0.0045%exp(1.0099*U). (3.11)
U & VO, DRARD 5, FEMEHICIR B O EEAERGHE B SMR 13X, 7KiR 20°C T45.9 kJ kg’ day™',
KR 15°C T25.7 kI kg™ day™” & B H S 7= (Fig. 3-7). BENEEEY © © = A - (COT: cost of
transport) & U OEAfRN 5, kb BEIa X ~ o7 B Upy 1%, 7KIR 20°C T
1.5BLs", % L C/Kii 15°C T 1.1 BLs" & B H & 7= (Table 3-1, Fig. 3-6). U,y DEJE T
Wepk LT 2 WO IE B R AMR,, 1%, 7KIE 20°C T 124.0 kJ kg day”, /Kif 15°C T
71.0 kJ kg' EEHENT2. U \CBT DR O bR BWBEIHEEY D o2 2 K
(COTmin)ld, 7K 20°C T 2360 J kg km™, % L C/Kii 15°C T 1773 kg km™ TH - 7=
(Table 3-1, Fig. 3-6). 723, /KiE 15 - 20°C @ VO, DEMSHHH L7z Q)l, SMR Tl
2.92, AMR,, Tl 3.05 &7z,

FIETEIZ LD VO, ET VA LIofE R, TBF il ABIZRD>ET /LD AIC 3
B HIKL, RWIIEIC U, BBF, VeDBA, ODBA & 72 -7= (Table3-5). £7-, KRz &L
ETVHETYH, EFRLEFRBRDIARTH 7=, ok, FIEEEOET /LIZIB N TI/RT A
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—IZKIBEZBIMLTY AIC OEITIZFE A EBLET, EN2 U IR T LV
IZ, BBF, ODBA DX Tdh-7-. £7=, KIEDONNT A —F —THBEIZENHIZLDIZ U
Z A>T T LD I T o 7= (Table 3-5).

3.5 BE

3.5.1 BRRHEHEE QR E

ARBFFRIZ LD, ARFNBGGEEC Ko THEHAT 20 E T a2 £ 2 C, WEkITE % R
HiLTUWD Z L BT/ o 7= (Table 3-2). BlE2 S iz 3 S OFEKATEI(BrigilEik, &
felevk, € L CsiElvK)I%, IRE, B, EFoiEEy, £ L Tl & orke 2R 0s
JECTHEWN T OENR TS EBEXOND. BETICEW CABEOITENZ BEBZET 5 2
CIXREETH B3, BB 2 VNI, BRI - B8 o TE 2 kT
HZENHRETH D, WKEESCET A OB SF¥ LTz TBF, = L TNHET — 4
BB U7 BBF O] CHEMRBIFRA A 5 L 7- (Table 3-5, Fig. 3-3). L~ T, M#HET —
X35 BBF Z#HHT UL, WA TICEIT 5 AXXOTEN % Lid 3 DI2oET 25 2 &0
ARETH . MA T, ARFDEKEHI RAEZ IR > TlEvk 2 Bl ha L 72Wp D TBF 73 1.3 Hz
UbEThHotzZ &nn, TBE B2 OELL T ORE, IZITIKIEREETH 5 LETIUE, 1
B2 OIEBREHEI S bR T 2 2 L3 TE 5.

KAFZETIE, FHEE 424138 mm O A X% O — IS REIE I IEEFH 24855 L.
3 —nu v /3 — 3R Dicentrarchus labrax(4= & 52321 mm)® VeDBA & VO, DBtk %
H LT EITARZE T, IR FHINEREZHE A STV 7o (Wright ef al. 2014). 2 O YT
FEC R VIMESNTWD U & VeDBA DB L, ABIETH O N RFEA g Lz &
A, MEDEIZKERENR SN (Fig. 3-5). —F, itz L Tunina —n
Y= R 2 (2 2884 mm) 25 ST TBF & U O BfR(Herskin and Steffensen 1998)
L, AWMt OfREREZR LIEE 2 A, MEORICITIZE A EZENRL OGN D> I=(Fig.
3-3a). ZOERE LT, et OEEMA OB LV, IEEEFH SR DI E o
MEICENAE T To, INEEEECORIEOE NP BT 5 VeDBA TIIMENRi2 o571
DEFEPND. —TJ7, MEEZACD RIS DR S D TBF T, 2ENE
niginole. D Z L, o xNF —HERE ZHEE T DB, LT
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WEIN TS VO, & DBA DRI EZDEEH WD LFAENEL DAl R Eh
7. —J7, TBF TIXZ DO X5 MR IEA LR > 7278, TBF & BBF 135841213 —
B9, WEPKOE SRR BBF OfEA TBF X 0 A< 72 2 #0123 /L &+ 7= (Fig. 3-3c).
Z A, AR R (KR TBF 23 1.3 Hz LA F DRy, A X3 afig % - Tk 9™ 2 5A121%,
AR ZEHEVERICIRB SE20WZ LD IEET — & ORI <, BBF Zhith+ 5%
ONRHETHDHZ LIZERLTNWDEEXLND. Lo T, =RV —{HEHE L HEE
THEAE, TOREEELRZ2TNERLRD. LrLAans, SIEHEICKIT 5 VO,
DETNVHEINZFB W TS, TBF X BBF it AU SE T /LD AIC DIEDIE D MK
Moo Z LB (Table 3-5), ERLOBBEGICEE T VUL, =X —HEHEZHET
LY EIZBWTH BBEDO TN DBA LV BWEIETH 5 & 5 % 5. ABFSE T, 7KL 15°C
BRO20°C ICBWTHTER E I X OKIRZ AL EICR S VO, E7 v a i L7z, L
2L, KRZAZEZICIZ TS PR HE D M BT, UZRHERICFR>ET L
TOHME—IKILD/NT A — 5 — BRZENRL O (Table 3-5). £72, BBF IZEBW\T
FKIEZBELRNVETLED AIC DEN 2 LU FThoZ &b, BHAETICBNT
TRV A HEE T DL, JKIE 15 - 20°C OFEFHIZI WV CIFKIBRE EE L
VN BBF DETIVEMEHT 5.

UL VO, DEUFAB.2)72 5, AR F OFEMEMRHHE SMR 137K 20°C T 2.26 mg O,
kg min” , JKJE 15°C TiX 127 mg O, kg’ min" TH 2% EHEE S 7=, FEKEHE D 0 DRF
? TBF 3 XU BBF % MW THEM LT SMRysr & SMRgpr 13, £ ZHUKIR 20°C T 2.16
mg O, kg min" 3 X 08 2.04 mg O, kg™ min™', 7KiE 15°C 18T 1.13 mg O, kg min" 5
FO1.18 mg O, kg’ min' & EFEEDO U EBHEM L2 SMR L IFIERETH -7, Z D,

1 ¥ 0= %)L X —{4%3#E DMR (Daily metabolic rate )iZ, 7KiE 20°C T 45.9 kJ kg
day”’, /Ki 15°C TiX 257kl kg day' HEES NS, Z O, thoffETHEIRT
WD R LIRVVEEZ R LTV DL IR A NSRS LT~ 4 A Pagrus major T
1%, KiR 20°C (281 5 SMR 1% 46.7 kI kg day' T -7z & #HiE STV 5 (Yasuda et al.
2012). k7=, FEEREIAHEE L TWRWE —8 v R — 3 X Dicentrarchus labrax D54
® SMR 1%, /Kif 18°C T 30.4+7.2, 22°C T38.7%+9.1kIkg' day' THo7=EMESH
TV 5 (Claireaux et al. 2006). Z L6 OFEFIE, AWFSEIC L 5845 & R VWMETH -
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7-.

72, ARXFOREBETKEE Uy 137KIR 15°C -20°C T 1.1 - 1.5BLs" T - 7=(Table
3-1, Fig.3-6). ZDOfEIX, ALk L B2 IRE) S CilEvkd 2 9 O RAE CHRE I N
T D Upp(0.7 - 2.8 BL s YD HIPHN T 5 (Videler 1993). £ 72, fix b BEIZIRN B\ Uy
Tk L TV DD A XX OBE 2 A N COT, 1, KR 15 - 20°C (233 T 1773 - 2390
Jkg' km' ThHotz. ZOEIE, ARXF ERAIMN X ITW S sub-carangiform O FaFE &
UTVME % 7k L 7= (Lindsey 1978). /K 15°C (281 5 A T A 7 K/NA Morone saxatilis
D U 1X 1.7BLs' TH Y, ZDOBFD COTin 113136 T kg km™ TH o 72 L HE STV
% (Videler 1993). £7-, /K 15°C 28BS 5 A A7 F /XA D Micropterus salmoides 7 Uy,
1% 1.9 BL s' TH VY, TOHED COTmn 1% 2058 T kg' km' Th ozt ME SN TN D
(Beamish 1970). — 5 T, KO R D3 —va v NU T X Anguilla anguilla
(anguiliform) Ti&, 7KiR 18-19°C (2B W T, Uy 0.7-1.0BLs' TH Y, COT, 1% 522
=705 kg km' &, ERC3RELE HER L TH AR D ARVWMETH o 7o (Palstra er al. 2008). ik
I —v T FXFEINEBED DI AT v Y —iEE THTF km blalEE2 95 2
ERFBLNTEY, RLNEORWVEE TH ., ARMENET 2 L EbhTnd. —FH, &
AT REEOBIETH Y, KRB L OZOWIKEL, XA 2 EOMoRnFEERE L
NS D Thol, LEDZ &6, AXXRIREMEELIEIIZAWTE LT, Bk
WIS L TWD EEXD.

FTo, AXFOKIE 15 - 20°C O VO, DIENHHE I LTz Qild, SMR 3 XY AMR,,
EBIZ30ICIEVEE Zeo7c. ZHOMEIE, FTATHIZEIC K > THE SN TWHKIE 0 -
30°C £ TOMEAIH6YFED Q) DF¥IE 1.83 L U @V VE TdH - 72 #3(Clarke and Johnston
1999), #E STV D SEITHFZEOME O HIFHNO0.45 -3.41) Th - 7-.

352 TRXNAVFXF—BEREOHE

IS (1995)1%, fREEICAR T2 AXFOERNEMZHEL, TORMICOWTHRE
LTS, AXFIIERTDIZOoNT, AEEPRSRD Z LM NTEY, RREH
\ZBWTIE, =/ > 1 Konosirus puctatus, ~ 7 3 Sardinops melanostictus, 71 5% 7 F A U

¥ Engraulis japonicus, ~ 7 ¥ Trachurus japonicus 72 ENEBREEAEY) Th 7. 2 &
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ICBW TR LR RBICAERT 2 AXFTORMERETYH, AEA/AKRLEZIHBIL, &
B2 FAUTE LY v N Sardinella zunasi > EEIREEAEM TH - 7-.
EMIEENPO/EONL X LF—ORTERIL, BEIORAT L2 &Rk, £
DI, TRLF—HEEND TR FX —BRELHET 5 72 OIITPEMER LR R,
Z L CTHbIC S B/ = % )L X —(SDA: Specific dynamic action)% & & L 72 L7 &7
VW, AXFD SDA ZHEET 70012, MF LB (1962¢) Lo THE I N TVNDH A X
X OWERY ) OFLFREEER L PR ERORIFRE AW, ZoEIc kv, i
B0 ORFOWE &Y Y (Z3651T D AEERITKIR 18 - 22°C 123U T 2.45 -2.97%, F7-,
KR 14 -17°C TIiX 144 - 1.58% B STz, £/, ZORHEE L TAHZ 7T A TN
AWbh, 2206500 5 HMEFEEIT/KIR 18-22°C TiX1 H2% Y 83.3-1009 kl kg,
KR 14 - 17°C T2 489 -53.7kI kg EHH &7, BITHIZEIC L 5 &, RICGHER X
LIFOMMERICOESIND . IRIEF I ERHEHE Ch 5 Ry, WMk & OIGET
RSN L HEB 2 X b Ry, & LCEEA AL, WINT 2 72DICFIHEND Re (AT £
SDA) (Elliott 1976; Tytler and Calow 1985; Videler 1993). X~ T, {RIZKEE P % 0 LK
E LR DT R F—INZOMRERITILLTO L I TR S D;
C=Rs+Ry+Rp)+E. (3.12)
Fio, THRX—JEEE C % 100%E L7-WF, HEHE E 13 30% & 722 2 ([RMEZh =03 70%)
(Elliott and Davison 1975; Tytler and Calow 1985). 4l /1 - B EF(1962¢)IZ X 2 A H FEBR DI,
ARXFTIZIERIDRETH 7o L BZX BN DT, MK & OEBICFIH I D =31
X— RAZIFIF O THDHERETHZENTE D, Lo T, MR AL D
MR FIZ D D SDA (Rp) IFULTFTORICKVHEET L ENAREL 725
C = (Rs+ Rr) + 0.3C. (3.13)
FROXGIDITBWT, FHEERFHER RJLT TICAMRIZ L > THEENL TS, 2D
7o, ARFPEEAEREHHEE OMRAE DO RF(IZIT LK L TV 72 W EE), SDA [3/KiR 20°C T
1% 12.1 - 24.7 kI kg day™, 7K 15°C T 8.5 11.9 kI kg day™’ & H#E3E & 415 (Table 3-6).
Z O, BT LD SDA TR — G C 1T LT 15-25%DE 81705 L WA
S LT 5 (Tytler and Calow 1985). Beamish (1974) (2K 2 &, 442 F /3N Micropterus

salmoides ® SDA 1%, WK 1.4 -2.5BL s (B RKIFHKIEFEIZET 5 £ T)DOR OB
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AL Lieinolcl LTWD. ZOROFF 7 FARAOEMNT EOYY) SDA 1E, —=x /L
XF—HEHERICH LT 14.192419% TH o= EHELTWD. Mx T, ToMofafET

, —WRAIIZ SDA 1L 5 - 20%DEEFHIZIN E 5 & LTV 5 (Elliott 1976). LI ED Z &y
5, FEAHEHE L SMR 7> B 1H B AMR,, VK E 1.5 BL s )Y O#HMNIZHB W T,

SDA DEIEITRIED 15-25% THHEEZLND. TDI2D, AXFDTR/LF—E
BEAZHTT HDREHZRIILLTO®EY &7 5:
C=Rs+ yC+03C, (3.14)

ZOWf, yIZ EFL O SDA OFEIAIZHEYY, 0.15-0.25 OFIPACTHEE L7z, Z DK, AXF
D1 HYY Oz )X —HRKE(DER: daily energy requirement) (%, 7Kifi 20°C (28T
1% 83.3 (SMR) - 275.6 (AMR,,) kJ kg day”' , 7Ki 15°C Ti¥ 48.9 (SMR) — 151.0 (AMR,,)
OHIPH & HEE X7z (Table 3-6, Fig. 3-7). ERRO - 3 L X —FRBAHIET 5720121
DETHROMEBEICHEA LI X 7T AT VCEE2E 79511 mm, EHBERE 3.6+11.1g)
RN D &, IRENRREDS SMR /5 AMR,, ORENZH VT, KiR 20°C Tl 4.9 — 16.3
F&, 7K 15°C TiX2.9-89 RICENZEIHYT .

AWFIEC &> T, BRI (SMR) D> B IEBRH =R (AMR,,) DR} D A X F D 1)
XF—EREZHEE L. LOLRBD, AMR,, & SMR X 2.7 -28 5D %N H > 7-. SMR
X T % AMR,, DOFEIGITFEIZ L > THRAR DY, —KE9IZ 0 225 4 {5(RIKIT 3 51
% & E TV 5 (Boisclair and Leggett 1989; Ney 1993). Z D X 9 (2, B OIEEEEIC &
S TR E N KIEICZELT 522 000, A TICEW TRBEEZHET 720121
RERENZIR > Te A XX OIEBE 2 E T D LEMENH 5.
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Table 3-1 Details of Japanese sea bass used in respirometry measurements. Parenthesis in the number of

measurements indicates number of measurement excluded from the analysis due to fish fatigue

ID Total Body Acclimated SMR Uopt COTmin Number of
No. length mass temperature (mg O,kg"' min™) (BLs™) (Jkg'km™")  measureme
(mm)  (kg) °C) nts
1 (T20) 344 0.35 20.8 2.26 1.7 2514 3(D)
2 (T20) 454 0.65 20.7 1.54 0.9 2538 4(1)
3 (T20) 428 0.53 20.7 1.96 1.1 2158 4 (1)
4 (T20) 382 0.49 20.6 2.46 1.8 2722 9
5(T20) 461 0.83 20.9 1.86 1.3 2374 6
6 (T15) 434 0.59 15.6 2.34 1.0 1559 8 (1)
7 (T15) 408 0.47 15.6 1.03 1.0 1263 7(2)
8 (T15) 482 0.89 14.8 1.81 1.0 990 7(2)
9 (T25) 460 0.64 25.0 NA NA NA 0
10 (T25) 424 0.62 25.0 NA NA NA 0
11 (T25) 457 0.75 25.0 NA NA NA 0
T20 414 0.57 20.7 2.26 1.5 2390 -
T15 441 0.65 15.3 1.27 1.1 1773 -
Mean 430 0.62 - - - - -

Parentheses in ID No. indicate the water temperature for acclimation, T20: 20 °C, T15: 15 °C, and T25:

25 °C, respectively. Mean indicate the average value of all individuals
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Table 3-2 Swimming patterns of Japanese sea bass used in respirometry measurements at each swimming
speed in fifteen and 20-degree water temperature. U: Unsteady swimming with pectoral fin, S: Steady
swimming with caudal fin and B: Burst-and-glide swimming. Each swimming pattern was determined by
observation of the first 5 minutes of video recordings in respirometry measurements. Ranges in parenthesis

indicate mean tail beat frequency observed by video recording at each swimming speed

ID Water <0.5BLs 0.7-1.0BLs 1.1 -1.5BLs 1.5-1.7 BLs 1.7-2.4 BL
No. temperature (<13Hz) (1.3-1.7Hz) ((1.7-24Hz) (24-27Hz) (2.7-3.0Hz)
°O)

1 20.8 NA S S B B

2 20.7 U S S B B

3 20.7 U S S B B

4 20.6 U S S B B

5 20.9 S NA S S B

6 15.6 U S S S B

7 15.6 U U S B B

8 14.8 U S S B B

NA shows not available because fish did not swim or to measure the tail beat frequency by video records
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Table 3-3 Details of regression formula in relationship between VO, and each fish activity (U, TBF, BBF,
ODBA, and VeDBA) when water temperature at 20°C and 15°C in Fig. 3-2 and 3-3

Variable Regression formula p-value  No. of measurements
U at20°C VO, =exp (0.815 + 0.686 U) <0.0001 26
at 15°C VO, =exp (0.236 + 0.967 U) <0.0001 22
TBF at 20°C VO, = exp (0.292 + 0.632 TBF) <0.0001 26
at 15°C VO, = exp (-0.053 + 0.757 TBF) <0.0001 21
BBF at 20°C VO, = exp (0.467 + 0.518 BBF) <0.0001 26
at 15°C VO, = exp (0.023 + 0.756 BBF) <0.0001 22
ODBA at 20°C VO, =1.794 + 115.30 ODBA <0.0001 26
at 15°C VO, =0.955+ 167.80 ODBA <0.0001 22
VeDBA at 20°C VO, =1.880 + 158.90 VeDBA <0.0001 26
at 15°C VO, =0.881 + 236.86 VeDBA <0.0001 22
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Table 3-4 Details of regression lines in relationships between U and tail beat frequency (7BF) observed by
video record and body beat frequency (BBF) calculated by lateral raw acceleration, or between TBF and BBF

when water temperature at 20°C and 15°C in Fig. 3-3

Variable Regression formula Fvalue  p-value R’ No. of measurements
TBF at 20°C U=0.884 TBF - 0.667 157.15  <0.0001  0.932 26
at 15°C U=0.739 TBF - 0.169 87.35 <0.0001  0.907 21
BBF at 20°C U=0.706 BBF - 0.336 66.89 <0.0001  0.853 26
at 15°C U=0.730 BBF - 0.136 48.36 <0.0001  0.836 22
BBF at 20°C TBF =0.815BBF +0.339 23959 <0.0001 0.954 26
at 15°C TBF =0.986 BBF+0.054 113.84 <0.0001  0.927 21
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Table 3-5 Details of generalized linear mixed models of fish activity (U, TBF, BBF, ODBA, and VeDBA)
and water temperature (Temp) describing VO, (Gamma error distribution) using equation 3.2, 3.3, 3.5, and
3.6. In all models, ID number of fish as random effects. A AIC indicates the difference in AIC value

between each model and the best model

Variable aorc bord t; o1t Link AIC AAIC
TBF 0.139 0.693" - Log 108.7 -
U 0.579"" 0.804" - Log 1212 125
BBF 0.278" 0.609"" - Log 1279 192
VeDBA 1.381° 189.91°" - Identity  130.3  21.6
ODBA 1.378"" 134.70™" - Identity 1344  25.7
TBF + Temp -0.073 0.692""" 0.001 Log 110.5 1.8
U + Temp -0.414 0.800"" 0.055" Log 1206  11.9
BBF + Temp -0.149 0.608"™"" 0.007 Log 1299 212
VeDBA + Temp 0.781 189.27° 0.033 Identity 1322  23.5
ODBA + Temp 1.254 1.346™ 0.068 Identity 1364  27.7

a, b, ¢, d, t;, and t, were constant. Asterisks indicate the significant p-value; ~ and = indicate “ p < 0.001 ”

and “p < 0.0001”, respectively
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Table 3-6 The components of energy budget of Japanese sea bass assuming growth rate of zero. Each
component (kJ kg day™) indicates Rs: standard metabolic rate, R,: energy required for swimming and
activity, Rr: specific dynamic action, £: excretory products (feces and urine), and C: the total quantity of
prey energy consumed by Japanese sea bass, respectively. The feeding rate in each daily energy requirement
(DER) was assumed at 2.45% (DERI), 2.97% (DER?2), 1.44% (DER3), and 1.58% (DER4) per body mass in
the wet tissue, respectively, followed by Hatanaka and Hibino (1964c). Numbers in parenthesis indicate the

percentage of each component to C.

Fish condition Ry Ry Rr E C

DERI7; at SMR 45.9 0 12.4 25.0 83.3
(55) 0) (15) (30) -

DERI ) at AMR,,, 45.9 78.1 33.8 67.6 225.5
(20) (35) (15) (30) -

DER?2 159 at SMR 459 0 24.7 30.3 100.9
(45) (0) (25) (30) -

DER2 ) at AMR,,, 45.9 78.1 68.9 82.7 275.6
(17) (28) (25) (30) -

DER37;5 at SMR 25.7 0 8.5 14.7 48.9
(53) (0) (17) (30) -

DER3y;s at AMR,,, 25.7 453 23.4 40.5 134.9
(19) (34) 17) (30) -

DER47;5 at SMR 25.7 0 11.9 16.1 53.7
(48) (0) (22) (30) -

DER47;s at AMR,,, 25.7 453 334 46.2 151.0
(17) (30) (22) (30) -

Ratio of Rr and E were referenced by the previous studies (Elliott 1976; Eliott and Davison 1975; Tytler and
Calow 1985)
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N

Fig. 3-1 Schematic diagram of a Blazka-type swim tunnel. A and B: PVC stream tube, C: accelerometer, D:

—® |

propeller, E: electromotor, F: pump, G: dissolved oxygen sensor, H: 240-litter flush tank, I: temperature
control systems with pump, J: valves, K: digital high-vision video camera with infrared light. Closed and
open arrows show the directions of water flow during measurement of oxygen consumption rate and
flushing, respectively. At the end of the swim tunnel, water flows down through the dissolved oxygen sensor

and goes back again to the swim tunnel via a pump
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Fig. 3-2 Relationship between oxygen consumption rate (VO,) and a: swimming speed (U), b: tail beat

frequency (7BF) observed by video recordings, and ¢: body beat frequency (BBF) calculated by lateral
acceleration. Solid and dotted curves indicate the relationship between VO, and a: U, b: TBF, and c: BBF,
when water temperature at 20°C and 15°C, respectively. Each regression curve was described in Table 3-3.
Each symbol and colour of plot indicates each fish and water temperature at 20°C (black) and 15°C (white),

respectively
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Fig. 3-3 Relationship between a: swimming speed (U) and tail beat frequency (7BF) observed by video

recordings, b: U and body beat frequency (BBF) calculated by lateral acceleration, and ¢: 7BF and BBF,
respectively. Solid and dotted lines indicate the best-fitting regression between U and a: 7BF, b: BBF, and
between ¢: TBF and BBF when water temperature at 20°C and 15°C, respectively. Each regression line was
described in Table 3-4. A red solid line (a) indicates the regression (TBF = 0.56 + 1.33U, R’ = 0.91) of
European sea bass Dicentrarchus labrax reported by the previous study (Herskin and Steffensen 1998). Each
symbol and colour of plot indicates each fish and water temperature at 20°C (black) and 15°C (white),

respectively
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Fig. 3-4 Relationship between oxygen consumption rate (VO,) and a: overall dynamic body acceleration
(ODBA) and b: vectorial dynamic body acceleration (VeDBA) calculated by tri-axial acceleration. Solid and
dotted lines indicate the relationship between VO, and a ODBA and b VeDBA when water temperature at
20°C and 15°C, respectively. Each regression line shows in Table 3-3. Each symbol and colour of plot

indicates each fish and water temperature at 20°C (black) and 15°C (white), respectively
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Fig. 3-5 Relationship between swimming speed (U) and vectorial dynamic body acceleration (VeDBA). A
black solid curve indicates the best-fitting regression [VeDBA = 0.0045exp(1.0099U), n = 48] using GLMM
model with random effect (fish ID). A red curve indicates the regression [VeDBA = 0.0109exp(1.3911U), R’
= 0.870] of European sea bass Dicentrarchus labrax reported by the previous study (Wright et al. 2014).

Each symbol and colour of plot indicates each fish and water temperature at 20°C (black) and 15°C (white),

respectively

61



8000

PS<

7000 A ® No.1

6000 A Hl No.2
= A No.3
X 5000 A ’ No.4
9 4000 - ¢ B4 No.5
,?_’ ° A O No.6

3000 1\
8 g ’0\“ M‘g{‘/‘ (] No.7

2000 M0 %D'D A No.8

oo0g b
1000 A
0 T T T T T 1

0 0.5 1 1.5 2 2.5 3
Swimming speed (BLs™)
Fig. 3-6 Relationship between cost of transport (COT; J kg™ km™) and swimming speed (U). Solid (at 20°C)
and dotted curve (at 15°C) were calculated by equation 3.4. COT was minimized when swimming speed at
1.5 BL s (COT,in: 2390 J kg km™) and at 1.1 BL 5™ (COT,;,: 1773 J kg km™) in 20°C and 15°C water
temperature, respectively. Each symbol and colour of plot indicates each fish and water temperature at 20°C

(black) and 15°C (white), respectively
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Fig. 3-7 Daily metabolic rate (DMR) and daily energy requirement (DER) of Japanese sea bass estimated by
respirometry measurements. The colors of columns indicate DMR and DER at standard metabolic rate
(white) and active metabolic rate (black), respectively. Labels belong to the DMR and DER, “T20”
and ”T15”, indicate the water temperature at 20°C and 15°C, respectively. DERI, DER2, DER3, and DER4

were calculated by combining the component ratio of energy budget estimated in Table 3-6, respectively
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48 BFAETICBIT S RAXXDITENFENT

4.1. &=

AR, BT 2 2 LR AKPIZAERT 28 OITEVEREZ, BRI EC kG2 H
WTHRVZFEDEZ S BESNTWD, TOHFTYH, IEET —% ZHWCTE 1T
& EEIIEIR T 26 03 5% < A5 S CuV D (Tanaka et al. 2001; Kawabe et al.
2003; Sato et al. 2003; Watanabe et al. 2006; Whitney et al. 2007; Aoki et al. 2012). £7=, B
YW OTEB A O ROEB) &2 | INRER RS T —F% & LTRIE L., ZOMEENBREI S
A% B INE E R 43 (DBA: dynamic body acceleration) & % 35 14 2w & 0 BIFR AT~ T
R 2 HEE T D98 L 352 < T71E 7 % (Halsey et al. 2009a, 2009b; Qasem et al. 2012;
Wright et al. 2014). 2 OO FiEEZAWT, BAREMH FTOLEO = VX —1HE &2 #E
TELTZAFZE & /N 8 B & TV B (Lowe 2002; Murchie ef al. 2011). 3 2 ClX, /£
F I ONEE T — 4% DR M UT- BBF 1%, fBOHEME ) % A4 2 13 R EE O RS JE %
$4(TBF: tail beat frequency) & [EFRBIFRICH 572012, DBA X 0 @\ VK Cle SR8 &l
VO, ZHEET DI EMTE LI ENRINTEBS1 #5M). Lo THATIZE W THE
DT FVX — Y EEE & W T 5551, BBF L MR EEE OGRAE H WD D03 R
HEE L. Fio, BIERRREEG DS O NI T — & 2> DR T & Sy dE T
% Z L b TE(Suzuki et al. 2009), Z O FEITHABEICHLHTLIZENAETHD
(Makiguchi et al. 2012; Tanoue et al. 2012). X > T, BAETFIZBWTAXF N IEHET
— 2T HIENTENL, =X VX —HEEB LI OERELZHET L2 N TE
5.

B OITEY S Z — R0 RV X — BRI 5 H I, BIREHAERET U v
TEATHIICHIZ>T, TOEEMERH LoodH 5 (Lowe 2002). HFIT, IRFBIIA S
& e U CAEPENME D i < (Pinet 2006), AFEENO R Z 2 1T 09 W w, RIS AR
T 5 B AH OITE AR = R L X — UK+ 5 RO EEM TS,

I T, AETIE, BB E A TORAXRICES L, B6NTEET
—Z2EZHNT, BETICBWTAXERN 1T HONTEDS bWEEHL, YO Hnox
AINF—ZHEL, EOKDLVWOEZMLEL L TWDDONEM. £z, 20178 L
BRBEEN & OBRIC OV T HEE L.
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4.2. #HE L FE
4.2.1. B KA E
201145, 6, 11, 12 H, L T201246, 7, 10, 12 AIZHEEOTHERATEET
JAIDNZ IR DS BN IR B TRE 33 A% £SD: & 570 £ 84 mm, /A 1.78 £ 0.85
kg, Table 4-1)Z 8708 L7=. #9758, 0.1-0.5%0D 2-7 = / F T X ) — /XY K%
fiL, AEBIOMEEZZNEN 1mmBLO10g OEA CTHIE L. BREE, A
DH—HHEILERD 2 DENI THOE L TRZFT, 7T AF v 7 r—7 2 A 2 Tl
G, BAR, B REEE(MMI30B, £ & 60 mm, H& 15 mm, 22 & 16 g, Advanced
Telemetry Systems £, USA), B &)YV B L4LE 4 [EE L7c & 7 2455 L= (Fig. 4-1). A
B0 LASE L, ¥ A ~—, Eil, GIVEEL r— 7 TR S, —ER RS T
L L —T DNl S D REEIC 7 > TV D (Watanabe et al. 2006). 5, Al
REZR IR Y A XX 2§ CHROE L=, TOBRBUIVEELEED X A ~—THEL
ToRERE (4 - 168 BREED SRR T 5 &, X /7 nfalko bV tshn, WrHE i ET S, £
D%, BIRZEB/BLONKT v FF 2 MO THEICE L L2 7 b RIESN D ER
g L, bM< ZEIND HAZRD OO TEHIZMD, 7 &R L.
GPS (GPSmap 62s, GARMIN International Inc., USA)Z L ¥ #E5AT, Fiiias, (AU
Wi DAL EIE 2 edk LIz, Z D%, PCICGPST— 4 %K L, Y 7 b7 =7 Google Earth
(Google Inc., USA)ZEH L C, Fiti s & mII S £ T B2 i L7,
A U= 5edkat i 2 dhnis 3 (M380L-D2GT), 3 #liinif & 5+(ORI400-D3GT), K
7'a T & MEEFH(W190-PD3GT % 721% W380-PD3GT), #i/4yi#t(W380-DTC), # L
TET 41 —(DVL400) TH 5.

4.2.2. By AT EE

ARG TIE, 3 RO K E S R 5 B G % B Lk (Fig. 4-1): 2 BN &t
(M380L-D2GT, 45 53 mm, B4 15 mm, ZEFEE 18, U ML AF 4 FEE), 3 i
JNRUAN EE 3H(ORI400-D3GT, 45 45mm, A 12mm, ZEHEE9g, U ML AFL

RFtb), 7 a T AF& 3 N E FH(W190-PD3GT % 721X W380-PD3GT, 4% 116 mm,
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B 21 mm, ZEHEE60 g, U LA T R, TNENOMEERE, 28 L
KIL 3 HADINELE - KR - TRE A, 7 1T S IR LTI % CliEbkas % 5
BT D ENTED. Fio, 3 EUNRUNEEG A A Lo EERICE, BT A e —
(DVL400, &K 80 mm, EFE22mm, ZEHFEE40g, U ML LAT Rt , & LLIE
4yEH(W380-DTC, 4 85mm, EA20mm, ZZHEE45g, U L AT L Rz
[RIRFEEE U7 (Fig. 4-2). =0V 70 > 7B, MEER 16, 20, 32 Hz,
KU« GREE < ¥ 5y - VKR FE A3 1 Hz, B A @hli 23 25 720 L 30 Hz Td - 7= (Table 4-2).

4.2.3. AT 5k

ARXXDITHRME TRV —HBEEE L BEGROHTE
ARXXOIEBEDOIEE L LT, 3 BLRMEDOHTIETLELEFMOIMEET — X0 b
BBF(Body beat frequency)Z 5 L7=. £72, 3 3= TH 5 7-HERR(Fig. 3-3c, Table 3-4)
ZMAWT, BBF 6 TBF ZHH L CIEHIEIG 23R L7z, 3 EOWEKITEIOBEEND
AR PRGN lE vk & BRAA L 72 f D TBF Z 3L L, B4 P28\ T TBF 73 1.3 Hz
PLEDIRFIZ A X% 3 FHGEIETKIZ K > TIHE) L T\ % & EFE L 7= (Table 3-2). 1 45D TBF
F— IS T AR REHIR L TSN E I pEHEL, MAZLI21 BE 0 0
TEENRFHI R G 2 L L7z,

BEEA < hOHICE U CIXE B M ONEE T — & & F iz, A X3 (2 gl
%2 FETd 27 71 A Lates japonicus DEREEATENN 3 Hz LA LD IE S 1610 5 8 I il 5y %
B2 LR STV D (Tanoue ef al. 2012). % T, BRI T 2ITEBIZ 5
ARFPAEZ AW E AT BRI, fHCmho TRIEL, FRAEMT 2%
AHIZE o THBE L TV AHLENPBE SN TWS., 207, BAETIZE N TAXEN
179 BRENIE, W REST M O 3 Hz UL EO 2 e 8 (S — 2 MTE)E L Citsksnd
EHUEL, LT OFIEIC L VEREEA N M afl L7z, INEER O RGh &K FEmms 727
L 0 BT DS, EEiGmOMEE Y —I2i%, BEHIEE (= 9.8 m s?)IT sin 0
FREUTENGHESND. DFD, MEHEFHIFE SN TV D AEDMEET —Z I
W) DBV S F I FE R 53 W AH Y 9 2 BB IR EE &, B OFERNIC K- TA
U 2 Y INEE 235 £ 4TV D (Sato et al. 2003; Watanabe et al. 2006). £ - T, EFgHNE
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JE L FRROMEE 2 3BT 572012, £ 3 Hz OEEIITEN K 0 & AKJE B 0 hnd 28 dh pk
SEMH L. 20k, ZORBEOEBRS A EOIEET —2rbELEICZE
KV, REATENCEES S 3 Hz LU L& OEE RS 2 Fi L7 (Sato et al. 2003;
Watanabe ef al. 2006; Aoki ef al. 2012). & 512, HEHHINEE OLEEK YD 9 b, 3 Hz
VL EO @A EBORIEL 1 G (9.8 m sHLL Db O A ERETENC BH# T 5 /83— R b A
RUBMERRL, 1 BEICAN—A M X MM LT, RS OFFH A= b A
Ny M ERE L. 72k, 2 MR R A 2555 L - E{KRID: JSB_02, 06, 07, Table 4-1)
R T7 16 DI E T — & NEFSF T E R\, 3= MTEHO ST 2> 6 13BRI L 7.
3 # T B2 BBF & BRFEIHE HE(VO,) D EF R % v T (Fig. 3-2¢, Table 3-3), f{#
R L ITHIMNCRIT D TR F IR E A HEE Lic. o8, A E IO PRI RRBRKIR A
13°C BA E 18°C Al DRFIZ 15°C @, 18°C LA | 22°C K D If 1% 20°C 1231 5 BBF & VO,
DRARRE AW, EAEFMONMEET —20 6 1 340 OFE BBF # R L, 1 52
LT VO, ZHEE LTz, B HE AR 4L 14.1 T mg O, (Videler 1993) % VT, 155172 VO,
1 HY Y Ox X — 488 (DMR: daily metabolic rate, kJ kg day )2 Z5H#i L 7-.
B, FATRRFRICL Y, R 69 FETIE, AHHEENMEAED 0.8 FITHEFIT S L H
HENTUVWD Z & H B (Clarke and Johnston 1999), A X% 78 1 B4 0 ICiHET 5=k /L X

— 8 (DEE: daily energy expenditure, kJday " )ZH#EE 9 HB0%, UTORICIVFHE L,

4.1)

0.8
DEE=DMR><( BM, ) ,

ST

Z DRE, BMpIZEFAMTHE L7245 A XX DIRE, BMsrld 3 D VO, HIEIZMEH L7z 2
R H DR E0.62 kg, Table 3-1)2EKT. BBF /83— R A X2~ OITENENT, & L
TR X (B BE L ET DR, N RY U IS X DB A2 EET D 2D
% 24 BFEILAIN O T — 2 Z B0 R, 7288, 2B OfFFTICIE Y 7 7 = 7 IGOR Pro
version. 6.2.2. % i ] L 7z.

Fio, TXRAXF—EHEEICEL T, 2BORMEOITOMEEZTIC, HBUBEEN R
ST BT F AU (EET)mm, WERE3.6g AR 169 k] EHE)E/N\—R MTE)IC
FOBEL W EREL THEE L.
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ITE A RRE L OB
ARXXOITENCHEL 52 5REENE LT, FfH( TEF)] BXY 4% ), H
MR TEM D RO T ), (D, T, TRd®, TR ) ZMEL,
BB SR DT | BEREORRIIT — X Iih o 1o A HJAE L TER L. 72k,
AXFOIEBEL LT, 1 BHY OEFBIREEIS, 18RRI D O TBF, 1 K 2729
D=2 MNaFE R Uiz, 72, 82 — 3R OEWSEFH Z L O A RO
EWVMC LY, ERR4SOABEROT —FENER> T\, 207, N—2A Malkk
I DT — 4 R OHREAAE L TV D0 E 5 Dl A FEEREZ1T > CTHIlT L 7=

FHNC LD WBERMRD 720, KEEOKRIND, 6-7 A% [HZF], 10-12
A% TR-4Z) 12U, AL, RHD#EARETE TRH), AEUEZEAHE
Tx M LML, 1 BERmORSRIIT — 2 S A B £ 72T AR 723 D
LA, 1 REONIZED DREFNAEVZS OB 7 T —ICaE Lz, £z, WwEH
TIX, F#ld LN ORT: 1 R 30 0%, Zhzi M) B X0 T
DOHT Y =ML, | R EORSRSIT — # Bk L O & £ 72 SHAIL,
HEH & RERIC 1 R ONTHD 2RFRBIE N RWAT T =2 Le. [ RiT#E)
i, TSR OM A, TR 3o HoMEThEZnoh 7 3 ) —I25
LT,

— WA A AR TIE, WML EGNL O IRIE) & A#s /NS WIE S, TN, TR, T8
W, TR, TR OS5 SOMAICHEL TS, ZOBNLZED KN 1R 72 D
DNR—A MNEFUC G- 2 5B ERRD DI, W4 T LI —A b R M EFHEL,
WM EUTO3 T Y —ICHSHE LT

DN - e - BN ED I b /N S 722/ N D

[H—RW) « -« WL OZE B S LB AORo e il & F & & e

(=K - - - IR LD K & Aol & Kl & & e
D 3 ODWIAITE T RS ) DoN— 2 MEFE A R L, WINLZE D KNS — R
MTBEIOR AL G 2 DB A~ T,
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)18k D F R B
H5rEH(W3B0-DTO) A LY (T IF 7o A XX b ERUREE T — X # G L. WELE
SAEE L, O Y 7 b7 = 7 (Salinity Logger Tools, U ~/L LA F /L Rk~ T,
1978 -0 FE MR 4y AL > & RR BRI 7 7 — Z (28 # S Fu7= (Lewis and Perkin 1981). #%5R
WP RKEFERTH D 12 Kz TEIS7HGE1E, A XT3 Ak~ A L7z &)
L7z, &7z, TSI 24 R O T — 2 1ZFR4 L 72

7pds, fER S LR LR ROEEIRIEIS, | B Y720 O BB EIERE, 1 HY
DOZFF—WHEEE, 1 BLYY O ALY —HEE, IHFHYDEZFX1HEEIO
N— 2 MEFE)WTEHESD T, LSOOG B DN RIIT — & (RERKIR,
WETRE, BRERIESy, WEHGHEE, 143% Y O TBF)LF-¥)+SEM(standard error of mean) C
FaL T 2.

43. R

4.3.1. TTEVREAT

Feie Uiz 33 R DOW, [EILTE e iz S EERE RS, FF 28 fE{& b skt % [FL L
7z(Table 4-1, Fig.4-3 31X 4-4). ZOWN, YIVEEL & B ICREat 2B L, 22l
T2 1 AL EOEERIZ 17 A TH Y, FHRGHIFIL 2.4 £ 0.8 HUERK 3.9 A),
TR 2 & A A O IEREE, 1.9+22 km(Ixk K 7.2 km), 1 H4720 DY
BB RIS 1.2 + 1.8 km day! T o 7=(Table 4-3). $JELFTLIA DBAT~B%E L T
Feie Uiz 9 RN, 5 EEIXEVES I Eh T 208 /&S, Bk L@k
DN, BRHIEA 1 A LL R, Y4 A ICGRReE % B L 72 (B R (n = 3)0 4 Hoim 1 1
27+1.6 H(RK 4.1 H), FHEMRESNL, 5.6+3.3km (xK93km), 1 HY47=0 DY
KBRS B EE T 2.5 £ 1.6 km day” &, 1 A 4720 O BB EEEES B ME 0 23 R,
SN0, WE ORICA B R IT A 572 ) > 72 (Mann-Whitney test, U = 10, p = 0.1102).
2B, KbE< ThIL S EIRISB 240X 7%, IV EEL FEHS 14 HEIZ,
FFES AT A © 35.2 km BEAL 72 BRSO BLERIC & 5 =W TN X 707 (Fig. 4-4), FLii
231 HEAETT, $9S TRt L, SIVBEL Y RICY 7 AR S 2@ m = 17)0
N, 12 fEIR O KRSFT ) b EIGEET £ TOBENEHEHL 1 km DINTH Y, [EIUHS OIZ
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EAEDVIKTE 10 m LRDIR IR TH - 7.

ITENRAT TUE, i OB %2 PERR T 5 72 D I IR FERE 23 24 B & 0 VW ER o 5
— X &R\, ETo, BRREEAS 24 Rl K 0 RVDERTIX, Aotk 24 RRIDIN O T —
H A LTz, ZOREE, 21 fEIE S 716 BB OIEE T — & % Hif5 L 7= (Fig. 4-5a).
T LTz A X503, A 24T - 72 6 — 12 H OBIC 12.0 —29.2°C OBE R KIR &2 #& 8k L T
WY, RAEORER(62.7%) % 18 — 21°C O KIRHHZHTE L T 7= (Fig. 4-6). 2HM D
PIREER IR (CEEIESEM) X 19.6 £2.7°C, [H 78] 78 21.5£2.4°C, [FK—4Z=] 7% 18.5 +£2.3°C
T& V (Table 4-4), FEEIOBICA B 72775 B & 1L 72 (Mann-Whitney test, U = 68326, p <
0.00001). FYRRERIEE L, 2 2B LT, 3.8£25m TH Y, 1T & A L DEL(76.6%)
Z 5mPE T I LT (Fig. 4-7). ZFHEIZ & OFEHRE L, TEZF] 2838+ 1.9 m(Fx
K202m), [FK—4&ZF] N38+£290kK295m)THV, FHOMICHERZEIIR O
7> 72 (Mann-Whitney test, U= 99559, p=0.0512). {E{AMEDORKKNIEEIL2.7-29.5m &
XTHDNZAY, 20 m LURZRRER L TV @ RIE 21 iR 3 R CTh o7z, 1 RFH#IYS D
DY) TBF 1%, 2HIFIT0.93£0.18 Hz, [EZ] 73 1.01 £0.20 Hz, [FK-%Z=) 7% 0.90 +
0.15Hz & [TEZ| ZEWMEB A R S H(Fig. 4-8), ZEiBI DY) TBF \ZI3A E 2720 R
5 ¥ 72 (Mann-Whitney test, U = 78815, p < 0.000001). 7235, WeZ|5DO ) TBF % g4
LHL, FRICBEERMEMITIAR O N T (Fig. 4-9), [HEZF ) BILO HK4F] oLb5Ic0
THHEERZEITR SN D> 7= (Kruskal-Wallis test, df =23, [EZ] : X’ =8.5304, p =
0.9973, #k—%&Z=) : X’ =11.1531, p=0.9816).

ARXX DD TBFIZHESW TR LIS EIR R FIA 1L, 2 TIE9.0+£12.9% &,
IR R D 9 BILL ERAREIIREETH -7z, TR B THKE (2B 5
MEEIE, TNEN 103+ 14.1%B L 0N82+13.0%&, [EM] DIFH @< 2o 7273,
i ORFREIEI A I3 A B R 2T R S 7R 0> 5 72 (Wilcoxon test, W =239, p=0.6505, Fig.
4-10a). F£7-, FHBITHEKT DL, THEFE] 28162+ 18.1%, [F-%4FF] 284.6 £5.6%
& TEZ ) OFRBIFFEIEIS 235 < 725 7223 (Fig. 4-10b), W& ORICH B RE T 2o 7z
(Mann-Whitney test, U=33.5, p=0.1921).

7'u T g 272 3 S EFH(W190-1 L < 1% W380L-PD3GT) % %35 L 75 4 fE{K
735 153 B O WK FE T — & % BUfS L 72 (Fig. 4-5b). it 51 v oo SEE i vk B8 1,
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0.16 £ 0.01 BL s ("F-#J+SEM), 5 KibEikoHEE 1%, 1.62+0.15BL s (1.04-2.21BLs™)
T® o 7=(Table 4-5). 3 FEDOHEHKITE DBELHKE F(Table 3-2)7>5, 0.5BL s LA EDORE 1%
KRB EIRET D &, HutHE T OEEREEISI1E 0.4 — 2.5% & 72 U (Fig. 4-11a), TBF
2K o THRH LRI EI A 0.4 - 1.8%) & FIFRICIRVWMEZ R L7223, Ballid—8% L
72> 7= (Fig. 4-11b).

F 7o, W REREt 2 D 1T 72 9 R & A FF 460 R ORERIE > 7 — % Z#Bfs Lo
(Table 4-6). F-HIRRERIE /7 1% 30.8 £ 2.8CFHESEM) TH v, 9 A 7 EATIE, Kt
(ZHRER U 7230 O R ARME O FEPHIE 17.3 - 32.3 TH o7, i I RBRIE > 2% 12 %
TlE S 7B EIZ2EEO R TH Y, Z DFEAXEITZNZEI11.0 & 5.9 Th - 7= (Fig. 4-12).

VT A e H—IEE S ERICEEE L, 7 A ORISR AR L. Aok, 1 EERIEED
BRtOARRAG O, BT — 2 PSR 57, 6 E{E) b EF 16.5 Rif OB
T ERG L. RERSNIEMG T — X R, RET305, KRS Tho7z. B
W7 — 221X, RFY A Triakis scyllium, * 2 Girella punctata, 7 7@ % A Acanthopagrus
schlegelii, N7 Mugil cephalus cephalus, ~~7 FHJH, MERD 2 X 70 &% < OifFpkiE
NG > TV o(Fig. 4-13). BRI A YT, 7ua &4, RT, T L TARTMPERZ EHRN
BB i SAU(Fig. 4-13d KON 4-13e), K I EITOBOKPEH O EL TIEA T ORE L
HIZHEL CWe, BRI T A u b —2335 Lo@ERJSB 2)iX, v 754 —0ofk
B, IO FICRHE L, 13E A BN TV o 7= (Fig. 4-13b). £ 7=, SEEIIEEN
VT DO WAL 23 [T 12 5 0 53A ATV D ER & U 7= (Fig. 4-13a, 4-13¢ & O 4-13h). KA DO fa%E
IS SNTZD, AXXOEL 25 X0 REAMITIT > THE LT, BEICHEET S
TEN b IR S e o7z,

43.2. N—R MNMTH)

ERERTTEY OFRATIC 25 20 IR O, G 13 RS A5 168 B D /R— 2 b A X2 b
KR S U7 (Fig. 4-14). N—A b A X2 MUE, RS S IEBA R E <, KB
Iz 4 < R S AR VWMER $ VN 7= (Fig. 4-5b). 23— & R A X R AELER S L7 o TR
ZERWIZ 1 B2 OR—=RZ M A X MECEHESD)E, 28T 93+ 125 E/A, TE

Z) T59+6.5m/H, Fk—4&Z] T10.8+14.6 [0/H T > 7/-(Table 4-4, Fig. 4-15). £
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7o, N—=Z MTENZIIAEOHE TR OND & O, % ELCEZROKETHE TR O
56 Db & o7 (Fig. 4-14). 1 HY4720 D=2 b A X2 M UL, TEZ) L -4
DIE D W< 722723, WA ORICH B 2RZITR 677> 72 (Fig. 4-15, Mann-Whitney
test, W =525, p=0.5986). £7=, B BLO &M BT @Y % — R0
WA A Xy Mafabtbig Lz, bk, THEFE] ONN—=Z M X2 M d 72 <,
HEHB LWL > T2 &, BIfHER 5 2 FRIZ AT Y —DRIENEIED
20%LL ECh oo, WMEEREIII TR T(2 27 7 O, Cochran 1954).
—F7, EEEB IO TH-&Z] 2B 58— b A X AR, A ERE DR R,
T2 BN OHEE SN HIFAHE & ITA EICE 2 5 Tz (Fig. 4-16, goodness-of-fit test,
dr=3, T - TEMI), X’=13.18, p<0.005, [#&#], X' =52.05, p<0.001; [Fk-
A7) TRM, X' =14.72, p<0.005, T[], X’ =38.14, p<0.0001). 7235, 2HiH
B BKAZF] BT =R Xy Mg, TRE) o T & T
2, £ LT &R < TR BRI 2Emn R oni. 7z, FZHNS 1k
M4 0 OB R— 2 Mal$ha B CHIZ23(Fig. 4-17), [EZF] BIO K-4F) orb
HIZBWTHAEERAEITR SN2 - 72 (Kruskal-Wallis test, df = 23, [HEZ] : X =
16.1813, p=0.8474, B4 : X’ =25.6777, p=0.3163).

F72, 1 BEOWY OEEMEZ £ T WANCEITE 1 AN D=2 b X2 Mk
Pl U7 R, 2o ORICAH E R ZIT R b7 > 72 (Fig. 4-18, Kruskal-Wallis test,

X =0.8164, df=2, p=0.6648).

433 TRNVX —HEEELESE

EHRNCEB T DR T & 0RO X — W HEHE L, 43.5+ 128 kI kg day' TH D,
(EZ) Tl 50.1 £7.9kI kg day”, [FK-&ZF) Ti%39.9+ 137kl kg' day' THh - 7273,

R ORICA B 722X R 572 )y - 7= (Fig. 4-15a, Mann-Whitney test, U = 27.5, p =

0.1647). F£7=, 1 HY4 7=V OFIWHIRNED K/ R WIA B O 1L X —{HEEHEIZB

T, AERZEZL SN2 0> 72(Fig. 4-19b, Kruskal Wallis-test, X° = 3.2149, p = 0.2004).

READPLEHLEHATICBTDAAFOZ R VX —HEEE, 1 HYD 959 +392

kiday' &720, TEZ] TiL841+268kIday’, FK-ZZ=] (3102.3 +44.1kJday’ & 72
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- 7= (Fig. 4-20a).
2EDOEMSHTOREREZ LIS, WA TICB T2 ARSI NHBBEEDE T ¥ 7 F
AT (EET9mm, BEFE36g & 169kl EHE)E N—R MTENZEZ VAL T
WIZERET D &, N—A MTEIPEE SN2 IR M = 13) T, 2 O¥E)IE 155.6
+209.5 kJ day”, TEHZ] (X 99.4+105.1 kJ day”', [FKk-&Z] 1% 180.6 +243.8 kJ day”' O

TXLF—ZES L W EHEEI N,

44. BE

4.4.1. TTEVFRAT

Yl L TE BICZ 7 &R LR M = 17)0 i s 2 6 R HS & © oS
PEBfECE, 1.9 +2.2km & HEENFELLS, £ON 12 EEOBENEREL 1 km K Th o7z,
F72, TBE ORI NIZEBHRREFEGEZ R TH, AXFE 1T ADIZE AL LEORRIZE
WCTRENRRE Tld 720> o 7= (Fig. 4-10, Fig. 4-11). Z DO Z L5, 1 —4 H R E O &R
TEHAAXTOEVBEILR2NWEEX NS, o, M HIORFHZ SmUETEHI L
(Fig. 4-7), i K OMEIHL R OIE & A ERRFBICER LTz Z & 226 (Fig. 4-3 &
W4-4), AXXOERAERBITIRFEROEEER TCHL B2 N5,

HRBIZAEERT 2 AXRE, BANOEBRAFHWICENET S L INTEBY, I
10 A TAING 2 H BRI TOMEN LAFITB W CERIM CEINT 5 & Sbh
TWAOINEE - fth B 2004; KPEIT 2006). AZRICEHNR X D /O 03 CREIN L 7= K
X, 0%, EHIFE Y EEICE E D MEER L b BT D EEEC oD LlE S
TWAHONEE - #h B 2004). £72, KBRKIEBICBWTBEEEES TAXXOBE % BH
L7=irgecid, 1 BELWNICZE#HEANGEE m»bEEn Tho e TR &2 0h;
WCEMIRER Y BT TJEER] O 2 XE—U Rk STV ADCER 5 2003). AR
TIE, FCEkitZ B L 72 B O R BRI A 4 B Th -722%, 7 B EORWIHGR T
ITFLERE 2 BT 5 2 & AR D> 72 (Table 4-1). £7-—F5 T, Wikt 5 » A H R
LT, MRMEDIEE A CEEN TORWEBET TR S @KLV 72(SB_18,
Fig. 4-3). 2O Z b, HRBICAERT D2 AXXICYL, KBNS+ 5 [l
W) L2 OERGINCEE D A RV DARERZEZLND.
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442 TRXVX—HEBLERE

3D BBF L VO, DGR Z > THATICBIT 5 ARXFO THF | B LU T4
DT RV —{HE L 2 HEE L 7= (Fig. 4-19). BATORAXXD 1 HY7Z0 D= Rr/LF
— W L, AHRCEYKIELSD: 19.6 + 2.7°C) T 43.5 + 12.8 k] kg day' Th - 7-.
F72, 1 BY 720 OIFEEMEE TH, 9EFLLERARIER2IREETH - 7=(Fig. 4-10).
DZEMBHAETOAIRZHEVHEELLRWVWEEZEZOND. Ik, eI fF&N
W E A4 LR TIx, WEREE & TBF I LY B SR8 RS &1L, e
(21T — % L7 h o 7= (Fig. 4-11). WEHKEE X Y TBF OiEEEREEEIS 2MEA - 72 ISB_032
B LTI, EICEN LIIRECREZ HE VIRS> TORWKRZ, B E Y 7r~
TNEHR L CENELTEEZLND.

AZAXFIL 1 HORENPRIERDIRETH 722 LD, 1 HOWTIERIZEKRL T
WD IR D 70 <, =R — VB R EE O KPR ERGHEEE SMR 2R L TnD &
EZoND. BATICBT OMEORBPIEE LT 5L, NUADIRANETIT
0.8 £ 0.1 BL s" CT#Eik$ 57 H > =7 F AHFA(TL 570 £ 40 mm)D T L F — 4 2l
FEIE, /KiE 22 - 28°C D#IPHIN T 96 £ 8 kI kg day™ & #i STV 5 (Lowe 2002). EiE
DT Iy 2T 7P AL, FIZAZFE L0 EWVIKIEQRT - 28°O)ICAEE L TV, HAHE
PRIZZKIR 22°C IZB W T RV F — 2 H A 80 kI kg day” LA ETdH Y (Lowe 2002),
KR 21°C 1281 D SMR 1% 54.5 kJ kg day” & #55 & Tur B (Lowe 2001). ARFZEIC
i % AR DO WEBWEGGEE X 0.16 £0.01 BLs' &, THYaE 7P A LHELTHARY
Brolo. O, MEOT VT —HEREOAET, KRIZLD SMR OEVTIE
72<, FITEBIZLDMHHEDOBENMIER L TWDLEEADLND. £z, "NnvDOxT
N—t T BIREBIZAERT D Y M U T EMIAE Albula vulpes (TL 406 = 42 mm)®D SMR |3
45.1 = 15.9 kJ kg day™, TEBH OB KAHHEE MMRR(maximum metabolic rate)id 98.2 +
153 kJ kg day” T& - 7=(Murchie et al. 2011). Y b A U V@A, WAEEEEZ1T 51
FHEOERAERTHY, AXF LU I RBREIZAEREL TS, £/, SMR b AXF
LIZIEFR UEZ R LT, ERROATIFIETIX, SMR & MMRy L)EE SN TEHEDH
9, BATICBIT S 1 HY720 ofUHHEE FMR(field metabolic rate) 7S BAfEIZ #5 S 4C
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WZ2R L L, B B W THERKATEN Y (5 oD 5 IR EI5 1 51.7%(Murchie ef al.
2011), F7z, MEPASIH OKIEEREEIZ B T HIEFE 22T B (swim-+coast) D ¢ A E G 23 42 44
D 43%7% 58 TV 7= (Brownscombe ef al. 2014). 2 5 DIEFEIRATEINN (5 D 5 BRI #4713
ARXF LD BN, VAU VEMIEO FMR HISEIEISICHAI L TAXF LY K&
KRDHTENTIRIND. Y M U VBRI, EICEAEOLEME, Fidikh & a
A L TV 5 (www.fishbase.org). FREFATENCBIHT 5 & B 2 615 Wi & WIEIZ 72 LiATe
ITE DR HEIE D 16.9% & EWN 2 L b, TEIC K o> THE L= R F— 24l 5
720lZ, ARXFX L0 %L ORI ZREETEHICEAR Y L TBY, —F, ARXFEHREaR
M TEDLLETHIRT 2HIEZRIRL TWbH B2 HND.
RADPOHELIEAXFD 1 HE7Z D O XX — 4% &(DEE: daily energy
expenditure)i, MM TIX 95.9 392kl day”', [EZ| TiE 83.2+292kJ day’', [Fk-
A2 1T 1023 +292kIday’ EHEHENTZ. LL, ZOMIICITREEREESHL T
RN, Z T, AT THE STV LR A XL EEOBRN O REICKE R~
FL X —BZHEE LI - 5 1962b, 1962¢). SEfTAFZEIC L » T, MBEBICART
D AR F DM O IR ER R &Rl OB HE ST 50T - BI%F 1962b).
¥, ZOFEATHIZETIE, 6 MAE TORREOHIMNG LadlESh T ool
iy & EHERE OB O REREZ R LT 7 AL LR OERERE 2 46T L 7= (Fig.
4-21). LaL, AT TIE, SFEWmEFOFHEREITRE S Th RN, RS
THE L 72 BRSO A X% OEHERR L AREORGRA A FWT (Fig. 4-22), F 0
PURE ZHEE L7 (Table 4-7). £ D%, BEDOKRE L BFMOKEDENS 1 FEDOKE
BMEZHE L., T0%, DX ITFAVEHME LEBORIXOAEENROME
(10.1%)ZFIH L - B 1962¢), BUEOREITZET HEF TITHKER 1 SO
FNF—m, DFVREREEZFEH L. ZOE, KEL WX 7 F AU 2K LR
DR B ORRA AL S 72(Fig. 4-23). BONBHRAE AT, B LA XX OKE
2B 1 HY72) O REEZHEE LR, IEELZ IR 2RO = %)L X —{§% &(TDEE
total daily energy expenditure)iZ, £ TiZ 104.5 +39.9 kI day”’, [EZ] Tl 90.4+£29.6
kI day”', [FK-&Z] 13 111.5 £29.6 kI day™ & B & 7= (Fig. 4-20). 7ok, BHEHIC
AR E A ST D72 D a2 RBNIEZH D, RETHM L7z A XX 1348 TED TN
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RIMEED B R ThoT2Z b, RBTEBIISMTE LRARBE TH-oTLEZD
o, FRBICBIT 2 AXXOBFHEHIZIEIC11-2 ATHD L EbNTEY, Kkl
TERDO—E b BIED T2 O DT R F—Z LB L L TWIZATREMED B £ 25, ARF T
LIfEEDIZE A E%E 610 AITHF Lz, £72, JATHF9ECIE, BIHO 7= DA TR
FREICEESELDIL 11 AU TH L L @E STV DK 1971; Hayashi 1972). I
2T, A7 FRALRLAUL A B S (perch) TIXAFLR O = %L — Z VLD R &I
RV 312 Z &3 54T 5 (Tytler and Calow 1985). DL ED Z L, ARETHR L
ToARRNL, AR BIERIC A>T LT, KoK E &2 RO 2 2 K
IRV 3T TV D EEL T, REEMCEZKREEDAZBZE L TR L X —HEE
AWE L. AETHESNEZ R VX—INZONRE RS L, K15 - 20CI24R
T HARX T, EEHEE Ry 2IRD 40%, HEf= 2 b Ry 1% 8%, MERE PIX 7%
DENE T o 7=(Fig. 4-24). 7235, PEtE E & HLICBIT D3R RpITSEATHIZEDH
BNHZENZEI 30%& N 15% & 5E L 72 (Beamish 1974; Tytler and Calow 1985). A X%
LRI T sub-carangiform BB D7 Z & 2 v F T K Salmo trutta D =)L F —IN 3L & g

&, KB ISCTHIELIEEAEFTOT 7 v 7 R TIX, EN31%, Rr& RyOAF
23 34%, Rs/3 15%, P IE 20%DE|E ToH - 7= (Elliott 1976). 7¢33, A XX DKL 20°C
fHiEToH Y (Figd-4), 77U b7 U bOEAKRIT 128CThDEHEINTND
(Elliott 1976). AXX X7 T 7 FT 7 b & S THEMEMHHEEE OFIE A3 K & VB A 23
Aoniz. 7o, (T 79 T T MO R % 15%EET D &, @B A kR, OE
BT 19% Lo, 7T 0 FT U MR OEDIZEERIEZT O EELH D, A X
FLOBEKEEAREWEBZ NG, £, RIS R, SINT OB OE
FENBEL, BOFHRIKEN 2R L TV D. —F, AXXOHADIZE A EHHET
ThV, FtleikiCE L TWiRy., 207, AXXIHEVBENZa X 2Ty
neEEZoND. EOZ b, AXXOMAIL, KVEZOEE/HET LD
IERICHIK S 2D TIER <, BEIBIORE = X MIHKNL, 1 HOKRF2AREIR R
BT L CEAEMERDIRET A ZLICLD, ZRX VX —DIHEEL I 5 RIS 4 5
RLTWDEEZOND. *B, 77U b7V NOEER P BRKEVDIX, AT
DTT7 7T NOEI A ZP/NESHERETHLINGEEZLND.

i
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N—2 MTEINBZE SN KM = 13)TiE, 2R OFEHIT 155.6 £ 209.5 kI day™,
(22 1% 99.4+105.1 kI day”’, [FK-&ZE) 1% 180.6 +243.8 kJ day”' D= F)L¥— % J#
BFLTWEEHEE SN, 2O, HEIZFIH 4% SDA(specific dynamic action)’ 15%,
# L L TR SR WP A 30% & 95 & (Mori et al. 2015), FIi C& 5= /L¥—
(EL energy intake)lE, HIHITI 85.6+1152kIday’, [HZ] TIE 54.6+57.8kJ day’,
[FK-4F8] 13 99.3 + 134.1 kI day™ & B & HL7= (Fig. 4-20).

FEERICEDEBARE VOO, FHT R L F—EE 959 - 104.5 kI day ' Z 4l 9
HT20IZ0E, 1 HE720 103 -11.4 BIOTREEA N2 FRBETHY, /N—A MTEIN A
SNTMEED 1 A2 O A= FEH 9.3 Bl% EF->Tne, ok, iRELZS
LRV F—HEE LAY ORI TE 2= XL —EBEEORICIX, AERZE
I 5L B 4172 3o 7= (Wilcoxon singed-rank test, W =62, p=0.0756). DI & NBLEAT
BT HARRIIHBE RS EHADREOTRXLF —([TEG L TV D EHEIND.

AETH1IEONR=Z2 MTENIZLD 1 EOERNScmDUZ 7 FA U AL T
W ERE LTz, LaL, K COITEIBIZE TIE, N—2 MTEID R b CHEREITR
T 25 HEDPHRINTND. 2D, TR/LF—MGE 20 KFHE L TV 5 AT et
NhbH., —HT, TRAVFXF—HEENT RV —EEESY ERl-7-RK L LT, 8
EHEM EMRE LT B2 7 F AU OY A X3/ Nl Td > T2 rlRetE N 5. R8T
X, BRREAHTET 272010, HABOHEIETHELIEN Y 7 FA T DR LF—
flie AXFDBEBRNEDNOHBLLIZRIBIGIRED D 2 7 FA4 U v O EEORAKRAL
Wiz, 207, HIIC K DEERADICEIOD B2 7 F AT OREZE/NGFHE L TV
HABEEN T HND. £, 2B THMH LIZEEICKT 2 HNAY HEE(SCL: stomach
contents index) DEIL 3.8% Th-7-. —J7, HATHRATIX, AXXOHFNEWN GIRE
D 9%BL 19%ICETHREDO~ A Tva )/, vapntBlLiz RS Tl ("
Ji 5 1995), 2 ETORMMITIRY BN oT-mREMEL & 5.

FL, A RS LI LIk O RN— R AR MEENED L ATRENE S B 2
bILD. AR TIE, EFHEEORBLZEE T L0, itk 24 R E TOT —
BN DR LTy, GGt 28 L7e 2 72 L 0 pim & m A I L, Bk s
DEFBER L TNDLEEZ LD, EORRE, AXXNEEAYITHET L T/R— X MT
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B2 Z FTRNICEHAEDICRT SN mREERE LoD, 2D X HIZ, FifkatiEgIc X
DA M VAPITING S B2 52 TOERENME S B E TE WS, 1R 24 REEILAPIZ 2
— X MTEI AT 5 R EEFEE R DN, £, B2 EE LEAXENZEOH O
NIZEIYD EiF oz W ER G HLH(H ERME). Lo b, Dl & bARE
T LI AR HEED EH ORI ERA NV A2 Z T TEWeh o B2 b
D, AWFETIE, INEEFHZT TR, BT A u U — 2 RIRELEE U @1 %
Pofe. ZORER, AXXICEETLXIINREL Y, BRELT, ¥ ORIHEE
HELRELS R, TR VX —HEERENHENML T b 5. L EDo Z &b,
REOFRHERIT, BEINIET VX —BIF R A R/ NG L, =L — % & A58 KR
fiLTWeEEZOND. Ko T, SRIATH~DEEL DT H2DIT, Ko/
DODINEEF OB ZIEET DN ER DD EEZOND.

44.3. DA & O BR

BT A8 H— TR SR, Ax RAEMDBBMDIAATEY, FRlcrzux A, K
T, AV IS HBLLZ(Fig. 4-13). 7B X A1 ZAXXLRILL LWV A4 X TH Y,
A 72 EOVFEKIBIC B EREAT DJEBRMERKATHY, AXF L L7 ERBEZA LT
L. BRI, S8, 2BE, KEHE, PR E ThDHNip et al 2003). R
T HYKRRVUKIITEBAT D ENRARETH Y, KAEEY EREEZREL T D
F, AVHETRAKBIIIRATE T, Sk X CLEE, FRE WREAHRET D
COKFEIT 2006). AMFIEICIT 5 BNEMEDORKRQR ), AXX3AMHE, HEHE £
FH, FRFEEZRAL, BT h X 7T A TR0V v X EOZEVER A A I A TR
LTWLZEenmghole., AVFIME L ERGEOTROBEZAL TWVD
(Yagishita and Nakabo 2003). £72, 7 1 & A (ZpE & RITEAMEOEEZFIHT 5 X 51
720, EEOZERMENBIINT B DI LT, A XX ITAAMENRLS 220, O LEMEILE
T2 EHEINTWDNipetal 2003). LEDZ &b, ARRENSEEHT LD
ORI, HENEBEWSITLZEICLY, BEZEREL TWDARENRZEZ D,
L L, ARBEECHAMNH HREERBEL TNDH I EMD, RICA XX OMEAREAN
D UTSE, ARRENEM L TODLHEN A XX OMRA LTV DARETFRY 2 A7 2 8D
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HAFEMEII R ETE . Lo T, RICA RS OBEENRHD LTH, FofomafEn
ARXF DOEREZ N 2R T D2 LIk, HEESEoAMEREEITH E 0D L
RWAREME RN E Z b D.

444. ERRE L OERK

AR X OFEPHERE L 3.8 m &2 0 &<, &MY 5 m DIRISITE L T 5 R
A 76.6% T - =(Fig. 4-7). £7-, ©F A0 —%%E5E LEIETIE, BENEDIA
ATV AR S % < W - (Fig. 4-13). 2D &G, A RFIXNFEOEREEICHEL T
WHRFRINEWE B Z b D. £, WEKROE—27 2 20CHHTICER L TnizZ
& B (Fig. 4-6), Z OKIBHNAXFITE o THART CTH L AREENREZ X LND. L
L, FHEMEE D IIEE D K TIFEF A H Y, 2012 410 A TRICHHE L 72— o
EAJSB.22, 27, 28, 30)D it K OB #1513k 138 FE AT OIEHEK O r < TH - 7= (Fig.
4-26). 7083, 24 BEREILAN O T — & & RN T2 REO EERRBRKIRIX 20.7£05CTH > 7o(n =
3). WHEKIC L DB EZHTD7-DIC, AR U011 4 11 A Ea)iciEdk D
7 B BEN T 28T TR L 72 EAJSB.08, 09, 10, 11, 12, 13)& s L7=& 2 A,
Z OWHRRERKIRIT 19.3£0.7°C(n = 6) &R O AFUT Tl L 72 A & 0 Ry e 23
5 7= (Wilcoxon test, W =23136.5, p < 0.0000001). [[ UKHIIZH =% XifE FER2ZEHED
OWEAM NIE LB ICXDZKERETH, RYKDIZEWSGFT(SL12)DKIEDIE S 23
w2 (Fig. 4-26). LLEDZ &G, RETH LN CRBRKIRISIRIEKDRZEN & -
mEZLND. UL, BEEKOLAMIAR L TV EEORERAKIR 19 - 200CT
HoloZ NS, AETHOLNIHER S A XX DB RZIRETOKIRERS 2 S LT
LHEBZOND.

ABFFEIZIBNT AR & i L= S o1E E A YD 10 m L& TH - 7223 (Fig. 4-3 B
KO 4-4), B RBEBRGEED 29 m i@ 2 2EKRJSB_12)H W\ =, Z OfEKOFLERATHE
IV EEL TERICRERFARINT 2 Z A TET, 202 ARICHEHAD S 17.7 km
BlEA 7= S5 P CRiskaT 23 AN S AU 72 (Fig. 4-3). HAEOHLEROKIEN 30m LA R %
ZEnD, OIS EZ TN L, MR EE TKOWTEEIL T\ L&z
bhd. F£72, EURISB 12 2 LD 11 A TH-7-Z & 55 (Table 4-1), pEIA[A]
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FEDTDITBEHNZABR L TH FLTWERRELE R LLD.

ITEVIRAT DRSS, 2RI L THK-4Z) 1BV, AX¥DAA— MTE) & AEE
T2 A & ORNCARBIRIR Y L & 7= (Fig. 4-16). TR <1k M) & TR
iz, TRE T TR 28— MRS 2@ R ohiz. EITEics
W, ORI & B EISWY & OMICHBERBEGRRH D Z EARES TN D, 1]
M B % % F X Acanthopagrus australis \XEAVEBE THD Z ENMLNATH
v, BHROEBRICBEORBIR CIEBER SR 2 L0 n, ZORICHE L DAY
ThHZEH, “HH, EREZE> THREL TV RN S D EMESNTND
(Taylor et al. 2013). F7=, HEZIK<AIETIE, KBOXNH D BHFOTNEEEME &
KHBTDHZLENTEDLD, BREREPRWVWEERZ LTV 2 (Brenner and Krumme
2007). 2 EDOBMEMITIZL Y, AXFOFRANLELBENEIAL W= Enb, HF
DOFEHIN D TR R N E < 22 5 HE & LT, FF X & FRRICIEANEDHEY
ZHBELTCWOAIMERB 2 oD, £, TR —R MEENEL 258 M &
LTI, MRz AR 2 ZFOMHIEW T EE L T T R D3 K OIK T IZ &

, BRI A BV T HIVTIEER, AXIREHAEMZIBVIARL 72D L) Il
NEZOND. WEBIETHMAER L <, K THRFRICEER B L FEL TN D
ARXDEERETHIFRBATHLIIZ I T AT 0V v 2, EQOENMERH D
EEbNTWAHHEE 1972). F72, AXFOHHERNPBNZ LD, AXINEEEM D
THPOHERET DRHRGER L 02 L b, HROZLWAFEICB W TIE, K THER
AR LT, FHOOEAMICERT LT 25 B2 b5, ki Lz ERIcE
W, KENC T HNBE L TR TN—2 M8 2 R~ EES RSN TV D
(Fig. 4-14b). 7235, SATH%ETIEL, THOH) BL THOAY | FiEIZ A XX OiEMH:
D ENRD EHREINTWDBOKET 2006), AP TIXRFZIRION-2) TBF 3 L OV —
A MNEBICHEERZTAR SN o 72 (Fig. 49 BL W 4-17). LL, THoH) BHED
Wt TBF B L ON—=Z FEEDR DTN EF LT Z b, TROH] AR ICHRE
FTEYZAT 5 ARV D FTREMIFE CE v, £, T4 BloN—2 MEEICE
WTCHBABRENR LN T-Z & B (Fig. 4-16), WIWIZ X DML RKE SR
IN—Z MTEIC B EHEZTWDL EIXE AR T
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(27 BLO B-4F] ORITIE, RBUKIER XYY TBFICB W THEREN
Rohiz. BATHRICE N TS, KIRDO EFHAT K o TR R P 00 IHE o EE 73 8
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Table 4-1 Details of individuals released in Tokyo Bay

Fish ID Release date  Total length  Body mass  Sensor type Timer duration
(mm) (kg) (hr.)
JSB 01* 2011.6.8 490 1.20 3A 6 (6)
JSB 02* 2011.6.8 610 2.40 2A 6 (4)
JSB 03* 2011.6.15 508 1.28 3A 24 (23)
JSB 04* 2011.6.23 566 1.96 3A+C 6(2+2)
JSB 05 2011.6.23 596 1.82 3A 48 (47)
JSB 06* 2011.6.30 480 1.15 2A+C 72 (29 +29)
JSB 07* 2011.6.30 516 1.50 2A+C 72 (54 + 54)
JSB 08 2011.11.2 520 1.36 3A+C 48 (44 +47)
JSB 09 2011.11.2 516 1.15 3A+C 48 (44 + 46)
JSB 10 2011.11.4 552 1.50 3A+C 72 (50 + 68)
JSB 11 2011.11.4 580 1.66 3A+C 72 (50 + 69)
JSB 12* 2011.11.7 653 2.92 3A+C 96 (50 +94)
JSB 13* 2011.11.7 697 2.34 3A+C 96 (50 +94)
JSB 14 2011.11.22 638 2.02 3A+V 168 (NA)
JSB 15 2011.11.29 765 4.19 3A+V 48 (44 +1.3)
JSB 16 2011.11.29 734 4.30 3A+V 48 (46 + 1.4)
JSB 17 2011.12.22 576 1.86 3A+V 24 (23 +1.2)
JSB 18 2011.12.22 716 3.04 3AS 24 (22)
JSB 19 2012.6.1 478 1.10 3A+V 72 (50 + 1.4)
JSB 20* 2012.6.1 463 1.11 3A+C 72 (50 + 69)
JSB 21 2012.6.15 467 0.97 3A+V 72 (47 +1.2)
JSB 22 2012.6.15 462 0.95 3AS 72 (65)
JSB 23 2012.7.6 468 0.89 3AS 96 (71)
JSB 24 2012.7.6 490 1.11 3A+C 96 (27 + 134)
JSB 25 2012.7.10 583 1.90 3A+C 168 (NA)
JSB 26 2012.7.10 663 2.55 3AS 168 (NA)
JSB 27 2012.10.22 511 1.15 3A+V 96 (50 +0.5)
JSB 28 2012.10.26 530 1.35 3A+V 72 (47 + NA)
JSB 29 2012.10.26 528 1.28 3AS 72 (NA)
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Table 4-1 Continued

Fish ID Release date  Total length  Body mass  Logger type  Timer duration
(mm) (kg) (hr.)

JSB 30 2012.10.29 642 2.05 3A+V 48 (45 + 1.4)

JSB 31 2012.10.29 567 1.11 3AS 48 (NA)

JSB 32 2012.12.5 635 2.10 3AS 48 (44)

JSB 33 2012.12.5 562 1.50 3AS 48 (41)

Asterisks indicate the individuals transported from the catch point to other point when fish were

released. Parenthesis in the column of timer duration indicates the record duration in each data

loggers. Each abbreviation in the column of logger type indicates each sensor; 2A and 3A:

two-axes and three-axes acceleration, C: conductivity (salinity), S: swim speed, and V: video
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Table 4-2 Details of data logger used for field study

Type of data logger Sensor type Sampling rate (Hz)  Size (mm) Weight in air (g)
M380L-D2GT D, T 1 15x 53 18
2A 16 or 32
ORI400-D3GT D, T 1 12 x 45 9
3A 20
W190-PD3GT D, T,S 1 21x 116 60
W380L-PD3GT 3A 16 or 32
W380-DTC D, T,C 1 19 x 90 45
DVL400 A% 25 or 30 22 x 80 40

Each abbreviation in the column of the sensor type indicates each sensor; D: depth, T: water

temperature, 2A and 3A: two-axes and three-axes acceleration, C: conductivity (salinity), S:

swim speed, and V: video, respectively
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Table 4-3 Details of individuals whose tag were retrieved in Tokyo Bay

All individuals ~ No transported*  Transported*

(n=28) (n=17) (n=3)

Release duration (day) 23+1.1 24+0.8 27+1.6
(0.0-4.1) (1.0-3.9) (1.0-4.1)

Distance (km) 22+2.6 1.9+£22 56=£33
(Retrieve to release point) (0.0-9.3) (0.0-7.2) (3.4-9.3)

Distance (km) 2.8+33 - 53+3.7
(Retrieve to capture point) (0.0-12.9) (1.7-9.1)

Horizontal speed (km day™) 1.4+1.38 1.2+1.38 25+1.6
(0.0-17.2) (0.0-7.2) (0.4-42)

Parenthesis indicates the value of minimums and maximums. No transported and transported
indicate the individuals that were released around the capture point and transported from capture
point to other position. Asterisks indicate that the group was excluded the individuals whose
release period were less than 24 hours and tag were not retrieved with in 24 hours after releasing

fish
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Table 4-4 Details of individuals divided by capture seasons

All Summer Autumn/ Winter
(n=21) (n=28) (n=13)
Total length (mm) 56692 498£51 60887
(462 - 765) (462 - 574) (511 -765)
Body Mass (kg) 1.760.97 1.180.32 2.12+1.07
(0.89-4.19) (0.89-1.82) (1.11-4.19)
Depth (m) 3.8%£2.5 3.8t1.9 3.8£2.9
(0.0-29.5)  (0.0-20.2) (0.0 -20.2)
Temperature (°C) 19.6+2.7 21.5%+2.4 18.5%+2.3
(13.8-27.1) (19.7-27.1) (13.8-20.5)
Daily burst rate 93%£125 59+£6.5% 10.8114.6
(no. of burst events day™") (0.6 —37.9) (0.6 —13.4) (0.6 —37.9)
Daily metabolic rate 43.5+12.8 50.1%x7.9% 39.9%+13.7
(kJ kg day™) (20.3-63.9) (42.8-63.9) (20.3-62.3)

Asterisks indicate the data from seven individuals excluding one individual that attached by
two-axis accelerometer. Parenthesis indicates the value of minimums and maximums. Depth
and temperature indicate mean and standard error of mean. Daily burst rate were calculated

without individuals which did not behave burst events
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Table 4-5 Swimming speed recorded by accelerometer with speed sensor in Tokyo Bay

Fish ID Record duration (hr.) Mean®£SD  Minimum — maximum speed
JSB 22 65 0.17%£0.07 0.16—1.84
JSB 23 72 0.16%0.03 0.16—1.34
JSB 32 44 0.14%£0.06 0.12-1.05
JSB 33 41 0.16£0.03 0.15-2.21
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Table 4-6 Ambient salinity recorded by conductivity data logger in Tokyo Bay

Fish ID Record duration (hr.) Mean temperature =SD  Mean salinity = SD

(Minimum — Maximum) (Minimum — Maximum)

JSB 07 (S) 30 27.1%1.1 25.6+1.7
(21.0 - 29.2) (11.1-30.8)
JSB_08 (W) 23 19.840.3 33.740.4
(18.7-20.5) (32.3-32.3)
JSB_09 (W) 22 18.940.4 34.7+1.4
(18.2-20.1) (30.5 - 36.9)
JSB_10 (W) 44 203403 29.540.8
(19.5-21.0) (27.6-31.2)
JSB_11 (W) 45 19.6+0.3 31.1+1.5
(18.9-20.2) (27.8 - 34.9)
JSB_12 (W) 70 19.140.7 28.0+2.8
(17.8 -21.4) (17.3 - 34.9)
JSB_13 (W) 70 18.3%0.6 31.8+0.7
(16.5 - 19.6) (27.8-33.2)
JSB 20 (S) 45 20.740.9 31.3+2.9
(17.9-23.2) (5.9 - 48.4)
JSB 24(S) 110 20.8+1.1 31.8+1.2
(17.7-23.2) (26.8 — 34.0)

Parenthesis in Fish ID indicates the seasons fish were released in: S: summer and W:

autumn/winter
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Table 4-7 Somatic growth rate of Japanese sea bass and prey calories at each age

Age SL (mm) BM(g) Gm(g) Prey massfor Gy(g) Prey calories for Gy (kJ)

1 203 61 139.3 1379 2.7
2 298 200 208.7 2066 4.1
3 375 409 253.8 2512 5.0
4 438 662 306.8 3037 6.0
5 495 969 265.0 2624 52
6 535 1234 448.8 4443 8.8
7 591 1683  429.0 4248 8.4
8 636 2112 468.4 4637 9.1
9 678 2580 - - -

SL, BM, and Gy indicate standard length, body mass, and annual somatic growth rate,
respectively. Standard length more than 7 years old and body mass were estimated using the
regression in Fig. 4-21 and 4-22, respectively. Prey mass and calories for Gy were recalculated

using the growth efficiency and energy density per wet mass of Japanese anchovy improved by

the previous study (Hatanaka and Sekino 1962b,1962c)
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Fig. 4-1 Five different types of data-logger attached to Japanese sea bass in field study.
Accelerometers (a: two-axis, b: three-axis, and c¢: three-axis acceleration with speed sensor), d:

conductivity (salinity), and e: video recorder, respectively
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Fig. 4-2 Japanese sea bass attached the tag package composed with three-axis accelerometer,

video logger, VHF transmitter, and float

91



35°

35

35°

35°

35°

139° 30'E

40' N

30' N

20' N

10' N

00' N

139° 40'E 139° 50'E 140° 00'E 140° 10'E
I I
Kyu-Edogawa
Arakawa '
P
Sumidagaw
> Yorogawa
Obitsugawa
JSB_01
JSB_02
JSB_03
JSB_04
JSB_05
JSB_06
JSB_07
JSB_08
JSB_09 g2
JSB_10 |
JSB_11
JSB_12
Depth (m)

JSB_18 — Low tide line
JSB_16 —10.1-200
JSB_17 — 1y B
JSB_18 T =
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individual. Each Arrow from each circle indicates the direction and distance where tags were

retrieved. Red triangle indicated the thermal power plant. Star plot shows the recapture position

of Fish ID: JSB_18 about five months later from the date fish released
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Fig. 4-5 Time series data of ambient depth, tide level, water temperature, three-axes
acceleration, and swim speed recorded by a: three-axes acceleration data logger, and b: with
speed sensor, attached to Japanese sea bass in Tokyo Bay. Black bar shows the nighttime
between sunset and sunrise. Black dotted cycle indicates a burst event that was assumed to be

correlated to a feeding behaviour. Red dotted lines indicate tidal level
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Fig. 4-6 Histogram of ambient water temperature Japanese sea bass experimented in Tokyo Bay.

The panels a, b, and ¢ indicate whole, summer (from June to July), and autumn/winter (from

October to December) seasons, respectively
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Fig. 4-7 Histogram of water depth Japanese sea bass experimented in Tokyo Bay. The panels a,
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December) seasons, respectively
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Fig. 4-8 Histograms of mean tail beat frequency (7BF) per min. of Japanese sea bass estimated
using regression formula between TBF and BBF. The panels a, b, and ¢ indicate whole, summer
(from June to July), and autumn/winter (from October to December) seasons, respectively. Ash

shadows indicate inactive condition when fish swam at 7BF less than 1.3 Hz
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Fig. 4-11 Daily active ratio of each individual attached accelerometer with speed sensor

estimated by a: swim speed at more than 0.5 BL s™and b: TBF more than 1.3 Hz
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Fig. 4-13 Images from video camera logger attached to Japanese sea bass. a: four banded
dogfishes (Triakis scyllium), b: bridge column, c¢: sea bed, d: school of Japanese sea basses, e:
largescale blackfish (Girella punctata), f: black sea bream (Acanthopagrus schlegelii), g: grey
mullet (Mugil cephalus cephalus), and h: wrasse (Labridae sp.). Red circles indicate the

position of each fish species
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Fig. 4-15 Daily burst rate of Japanese sea bass calculated by dorso-ventral acceleration through

the 3 Hz high-pass filter. Each season was during summer (from June to July) and
autumn/winter (from October to December) months (Mann-Whitney U test, W = 0.5986, p =

0.5986). Black bars and boxes indicate the medians, and 1* and 3" quartiles, respectively
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Fig. 4-17 Mean burst event per hr. of Japanese sea bass. The value indicate mean=®SD. The
panels a and b indicate summer (from June to July) and autumn/winter (from October to

December) seasons, respectively. Black and Ash shadows indicate the period in night and

crepuscular, respectively.

106



30

20

10

. |

| T 1
Koshio Naga_Wakashio Naka_Oshio

Daily burst rate (no. of event day™)

Tide name
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(Kruskal-Wallis test, df = 2, p = 0.4869). Black bars and boxes indicate the medians, and 1* and

3" quartiles, respectively
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Fig. 4-20 Daily energy expenditure and energy intake of Japanese sea bass behaved burst events
during release duration (n = 13). Each category indicates, DEE: daily energy expenditure,
TDEE: total daily energy expenditure with somatic growth, and EI: energy intake subtracted by
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Fig. 4-21 Relationship between standard length (SL) and age of Japanese sea bass followed by

the previous study (Hatanaka and Sekino 1962c). Solid curves indicate the regression (SL =
204.04*4ge™>* R? = 0.999). The colours of plot indicate the reference by previous study
(white) and extrapolated data (black), respectively. Extrapolated dataset were obtained from

Table 4-7
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Fig. 4-22 Relationship between body mass (BM) and standard length (SL) of Japanese sea bass.

Solid curve indicate the regression (BM = 0.00004*SL>'">, R =0.968, n = 107)
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Fig. 4-23 Relationship between anchovy calories used for daily body mass increment (Gy) and
body mass (BM) of Japanese sea bass. Solid curve indicates the regression (Gy =

0.6658*BM*+#" R? = 0.914). These values were obtained from Table 4-7
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Fig. 4-24 Component of energy budget of JSB: Japanese sea bass at 15 - 20°C, BT: brown trout
at 15°C. Parenthesis indicate the body mass of species. Each legend indicate the energy
component, E: excrete, Rp: specific dynamic action, R4: locomotion cost, Rr: standard metabolic
rate, and P: somatic growth, respectively. The data of brawn trout were referenced by the
previous study (Elliott 1976), and the ratio of Rr and R, were not divided. The ratio of £ and Rr
of JSD were assumed to 30% and 15% referenced by previous studies (Tytler and Calow 1985;

Beamish 1974). Dotted line indicates the ratio when Ry for brawn tout was assumed to 15%
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Fig. 4-25 The position that fish released (circle) near the thermal power plants (red triangle).
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obtained by research vessel “Hamashio”, belonged to Japanese coastal guard, at each station
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Fig. 4-26 Vertical profile of ambient water temperature and salinity obtained by research vessel

“Hamashio”, belonged to Japanese coastal guard, on a: 2™ November in 2011 and b: 9"

November in 2012 at each research station in Fig. 4-25, respectively
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S5E REEE

ABFFEIC LY, FEEICAERT 5 A XFO/RM, SREAERE, =¥ —IEUTOW T
TeRRRAZ/L ZENTEI. ZTNHDOHAEZ TS, TR EZZ AT, LTI
FHRBIZART D2 AXXOAEREIZONTELET 5.

HEBICBIT D AIXRADEBRE
6 H 725 12 HICH BT L7z 2 X3 OREER/KIRIE 12 - 29°C OFiPH T - 72 (4 ).
FATHFZETIX, AXFOARBKIRIL 7 - 30°C OFiH & S TWDOKEIT 2006). ASHF
R D EARBKIRNSATHFZEIE E TR B2 > =00, KIEN KRS TN 5 4F)N
ODEFE1 -4 MHICHEEZEM LR o722 ENERTE LB 2 bND. RIFETIE, BAE
TORRX PR L7 e Rk 29.2°C TH o 7223, BBRUKIRD 25°C &8 % TV IF
FEIS TR 4.0%, EFTIL92%Th 7. b SIANGT:27 NV 9 2 LAYl 7
FTHEHEE ORERTI AR 25°C THIBZAT > 7228, BIBGAH 225 2 X 13K D -
AW ICEEK L TEDBENT, BRI T DITEL R -7, LDk, 25°C T
B L7722 TOMERMN =3) X582 B0 1) 7208, FEBRBAARNE L L T LE 72, F
72, 4 FIZB W CTH IO Lz 21 RO, 25°C 2 2 2 7KIRA KRR L7zDiX 1
{EARJSB_07)D I T - 7=(Table 4-6). LLED Z Lne, KIEN 25°C UL EDBREEITH T
BOAXFIZE > THFETIZRWATRRIER B Z BiILD. 2B, A XX ORBUKIRD /M
23 19 - 20°C FFUTIZEEF L T2 Z & v B (Fig. 4-6), Z OKIEHNAXF|(2E > Tl
KETHDEEZLND. —RANTKIEME T2 LlEkEB MR T T2 2 E08mbh
THEY, AXFIZEWTHAKIR20°C LY 15°C OFKEENPME T 2 A28 Aoz
(Fig. 3-6). £72, 4 ETIE, 12 ALABEORBRIKIRDS 15°C & Flalo 72 BER W, 72,
ARZME T LTL % 10 - 12 Ak IFEEAT72 £ DIRPK DHZJEIZ A X 3 FE T 5
ZEVMBNTEY, MOWHHRIC IV TIA TR EFT ORMEK AAHEICEE A E K S
WD ZEDRHE SN TV DUBEFEAREMIEET 2002). LLEOZ &G, AXFT,
KIBRAME T4 5 & Z:0 5 FERICHT CRYEK O EICHEE ST 2 R, RROK FICfE
I EBEEN DR T EE, T IZEE > TOBEAEDMZFIA LTV 5 AR RIR SN
7.
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AR FNAERT DRI OW Tt KO AICE LTIy L < i
ENTND. AXFOINT, FEIN Th 2 MPER HIW I X vk sh, Bk, hx
AR LR OIRRkE CRE L, FITW OOy CIrfffizm =3 (HF - KT
2002; Secor et al. 1998). S/ D &, I LHCHE & 2 EKEE & KIBUAR AT 2 B RRE
253Dy, T ) BIRK O Bt CTIL < 73453 5 (Fuji et al. 2010, 2011). —J57, Bk
falk, FITWEICAR LTV, WMHREGFIHLTEY, TEBIZEWTH)I D%
+ km bR, FHR)IKR TIE 154 km B CHiJE S -tk »n H 5 (HF - AT 2002).
LinL, ARFRANFEERIC EOREN)INZFIH L T2 D003 L < ohro THRDe
ST YAyt 2R Uiz 9 AT 7 BIAAS 30 ARl D4y 2 #%Bk L C U 7= (Table 4-8). i
M3k % & TR Kk O E R 2 5y 30 LU TR 72 & 9% & (Battaglia 1959), Z 4L 5 OfEMAIZIAK
WARIH L TWeZ 22 s, ek, EFEON)IE O 0L, kL v KiES E5-
THZENMOLNTHEY, 7-8 AITIL30°C R 52 E03H 500/ 5 2000). JefTHF
TR D &, P DR I VIMEI D 6 -7 A OFHEKIRIE 28.7°C Th - 7= & #
HEINTWDI DS 2000). ZD7=, EZFRICH OWICHAEL, I OEIERA L7z
RIL, BB S 12 R CTH Y, 2 ORBKIRDS 25°C L EIZR 5 EHEHIES D, ERE
DMz 7= LIz @R1E 1 JBJSB07, HmiKiE 29.2°C, &KMES 11.1)OHRTH 7=,
F2FIZBNT, BERNEWD DRKICAERT HEAED BB L 2o 2 &b b,
ARBFGE TR L2 O A XX 13 b E 0l IR AFIH L W ieho o LHEsR S LS.
— 5T, ROWORZ)NE L ORE)NOW) IR AL 5 A XF i famn=5%, 6-7H
IO 10 km B TH ELTEBY, ZOFHREBRKIE 20.7+10.2°C T - 7= (= HEL
13). F72, ERB/KIEOFIAY 21.6-23.9°C TH Y, RER/KIEN 25°C B2 5 &
X700 7. LEDZ Ens, BN OBINTIRICAR T 2 EEE, 70 20 oK
FREMANCFIAT 2 00, KIEA 25°C PLEIC ERT 25K EHE O FIAL
TWARWEEZEZbND. Fiz, KROK T T 2RKFLIETIX, 6 FEET 4 EKD FARE
BRIE S35 30 RKili Td o 7Dy, WA A R L 7B R IZ V727> o 7= (Table 4-6). —J7, Hii
RO K BEDOFNIRIZAER T HAXX T, MEOHNEWNS ST = Plecoglossus
altivelis altivelis NEHZEIZHBLL T\ 2 (BHEME). 2O Z &b, KRB THT 20M
FEDZNZEEN 72 E ORI Lo TE, IKEUBRICEINZ & 2 TRk L7277 2401
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T, BB EZFHA L T DAL B2 b5,

REGARR

ARXF OAFHERIL, WA T VM, 78, Tt HELRSORBHEAECHEL TR, K
R 180 - 200 mm A LIZ72 5 L HNEM L HBENHBL LED L. R L & bIThal
FRMENRS 2D, JATHE, FICABEEAHRET DX OICRD0, FEHOHAMCL-T
(LB, FRELHRT L EMESNTOL0ET - BB 1962a; HIH S 1995). 2 3
OFERD G, HRTE OB T DRI A B9 D A XF M O FE B2 AW I3 A0E
Th Y, FrlZY v X Sardinella zunasi 33 X O\ % 7 FA U Engraulis japonicus 75 F 573
fHAEYMTHDLEEZDND. HATHRIZEBNTY, EREO 3 EiToFEGLF)IHK
B, ZEENA O, SERENCB W TRMIC L0 MR AT ER, Yy N, RT Mugil
cephalus cephalus, ~/~t Acanthogobius flavimanus 72 E3ME L LT\ iz LB I hTn
LA 2011). F£72, HREEICHD 7 ETOTFERICEB W THBEREO SR Z R~
WFZE I, MBI R VLRI O DI EA O AM SRR b <, N ERHMUEERC
A BYRERBEL, AXX, RI7RENPELELTEY, 2/ v Konosirus puctatus X°
P o ROHBE L Lo T EWE SN TWHAOIHS 2000). ZDOZ LB R EBEOHF T
& /NI O] RV, EMSERMER R <, AXFT O L e D YN S E R ERHT
HHEERD.

AW TIL, ARXXOEY LRV 10 FHRE M, HEdE 1 By o LX—
MZERE L, AR Cli L. MEEEY Y O X VF—HTHE, ¥, KK,
AR DNEIZ LR E &Y D O R VX —(liN T2, ~A U Sardinops melanostictus,
KIS B 7 F AU RN bmEms-T-(Fig2-3a). £72, 1EEYS Y O 2L F—ffiTidi=
JrvabtTankbEm<, AICIZE 2T NVBROMBE, tHEMOHENEE ST O
FAF—AlE, AR E YD YA AR RO RELELATDLEZELADONTE. Lo T, &
BRI X O FRBOHAEM 2R TIUE, LV RMICT RV X — 2855 2 L3A
RETHD.

TaRa ) eI A XX DAY E STV DS, RIFETHRE LI-FHNE
MDBITHBLL 2o To. —FH T, Bl L7 KRG BEOWBRICAERT 5 AN 6157
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RN RN M L7 (E HAME). EED R X057 2N HE LARd - 7B
& LTHE, TEERIBFEITIERENIRFE LRIz, A X% O] 11500 i) B MK
WATREMEDN B 2 B LD . EEE, M 12 RO 132 BB LT 72 B IR 2 iR B
T& o 7=(Table 4-6). HFBITITEE DN HRNIAAL TR, Rl 1R & B
BB OV T T, 2N, SRl IR 78 & o RBE )N 38587 E L T4 (Fig.
4-3). ZEETIX, 7o ENFEREE TRICKSE STV AHUNE 2011; AiH -
FEIR 2011). —J5, FEEBRMNC S, @&, AME, AR ERTFEET D03,
FREB OW)INZ 2 & Z OBBIT/N S, 2011, 2012 07 2, T3
WA 0 — 1t, AN 23 — 29, BLUKRSF 147 - 151t EHESNTWVD Z LD (2
MOKIER, PKEREAERFAET — 4 X—2R), TEROT &R, FRHe
ROBLEHRTORNVWEEZOND. YD b, ATHEMESTH 580 TEE D
VB TIET 2 OB EMENATREER B 2 b d. Lo T, FEEBRIMNTEEZLIC
AERT D ARXFRAMIT, FATE D7 2OMEEEN DN Lnd, #ERAT)HE~
DIEFEMELS 2o TWDH EEZBND. ZTNET, MAENEATHD 2 X5, EiC
T2 ZBWNT TR Z#E B L, 7 OBIE KD D LRI R 5 L REEICE
TWz, L2L, ARREICE > THIE E A ETINEZFA LR WEIRREDS W 2D AT REME S
R I T

EHERTT R LXK
3 BT DA RIS M ONREE ) B R U7z BBF L BERTHEHE VO, DR
EHWTHATICBIT2ARFOZ X VX —HEEEZL, £ L CHEEF MOINEET —
ZEANTHAEATICBITDARFORA=2 MaizRiH Lz, &5, 2 ZEO /M
DFREREHFEZ T, N—=Z2 MTENZC L DR THIEZ RV X —BRELHE L4 ).
ZIREM ORBHEE L, KIROEEZZITSH. LoT, BETIZBITHAXFDOT R
VX —HERE AT T D5, VO, ZWE LI KIRFFANTLAEL < =RV F—iH
BB AHEET D2 N TE A, 3 FTIHKIR 15 - 20 °C OFiPAT VO, #HIE L7-.

&

— 7, 4 ETHOR L= A X% O FERBRAKIRIL, 19.6+2.7°CCEH£SEM)TH 72, A
= L O FHRBAGR ORI IL 13.8 -27.1°C & FHil Lo TEEAH Y, VO, #HE L
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KRR A2 2 Tz, UL, FERREBUKIED 27.1°C Tho72 1 ik ZFR< &, 3
B TRz BBF & VO, DEYRRIZ, BATICEWCH#EMAFEATHD &R L.
EOWEKBLERFD TBF B & LT, | Y720 OIRBIREREIG 2 R H LR R, B4
TOAXXIZT 1 HOWNTH 10%IZH YT S RFEIC W TRBEA BRHRAICIR Y, I
WKL TWeEBEZDND. 4 BICBWTHEELZ 1 HS720 O= 3L — {4 E
(DMR)IZ, 3 B CHEE LT MR L SMR L v 2V WEECThH-o7=. £/, =3/
FHBEEONRTIE, AXFNEHNCHETLEGIIRAERD 8% Th o7z, TN b DO
R, WETOZRAFIT T HONITFLEAEHNTWRNWZ LE2ERT D, LoT, XX
IR, BEBXOREa X MIHML, EDEZHFHIRET S22 LXK, =%
F—DOHBEEZMZ DRI 2 RINL TWDH EBEZHND.

4EIZBNVTHEE LIco )L F —HE R L X VX —EREOMKRE R L &, W&o
MICAEBEREIR DN hoTe. TD7®), BATIZBW IS 2 BREOEHE THEE
DEFETETWDLLEEZLND. LML, RICE > TERREIIANTSENHD, =
ANF—HEBEZMETE TV RWMEKRLZ Ao, B, 14O /LF—
MEREZHS -OICE, 14002 -3 %0HAEME/HRETILERDHD. 2 EICEBD
T, BNEWR L B L7 M CHi L@k ch, (REY Y O HNEYE
HESCHT 1%REL D7, MRKTH38% Th-olz. £z, IIBEEBICBNTAXXDH
NEW % R_TEATHFRICEB VT SCI B 1%LL T, b L <IXZEFIRAED A X % )3 A5
2% ol EMESNTHADUHF - BIEF 1962a). LA EDZ &b, HATEBITS A
AXIE, FEIZE>TE T B CHAREAEMZHETE TWRWAIRBHENRZE 2 bILD.
72 L, BANEHEEIIWHGIC X0/l S TV DB D Y, i L 7B OfF
DEBEEZI L TWDHIZEER. F£2, 4 EOBIHEO KR & 2 B
MThHoTeZ &b, TRV EWHIRTREZSS, HWEELMETLZ 0z xLF
—ZBETELHLEEZOND. B, =XAVF—EBEEICHAL UL, 2EOFBRNEYT
MBLL7Z 80 mm DA X 7 FA T EHRELILE LTEMB LA, EITMETIE, £V
KEOEEAEMNPHEERT 5 Z ENWEINTWD (BERS 1995; BHAEME). TD7o
BWAETOARXHEEBIIIIZ 7 TAT L0 REOEEZHE L TV 5 AIREME D R
ST, F7o, FEEGHEE I K DRI REEAOHEKICL Y, 2 X% ORATTEI D EE

120



SNTWHAEE LB X HND.

(23] B THK-4F) o= Mafl KO 0L X —{HEHE IR B R ER
Mo 72728, W T DO LS, 11-2 A ORFEIIRE 28 & T, JEHRENS
FEL>2>H2 6-7THDTEZ] L, EINERGEIN 23T 10 -12 H O [HK-4 4]
T, =X —HERETIE, [EF) nE<, A= MHE T K-AF] BE0
ARl £, AXXFOMOFEIL 12 - 1 ARSI EREINLTEDY,
10 - 12 AT TRV A RO Ef#E S8k 50l - A% 1962b). LLED L 912,
TRAX W OFHMREICEBTHE, AR [K-AF) #BHERE LT
WOLRENRRATLS D, =R F—HEREDIZE A LD SMR ITIKIFT H A XF(T,
SMR DERT 2 THZ] L0, KEBEOETFICEVHEEENME T2 K-4F) (1,
RY A RO & MZ CTHRE % ATIROBRRICYE TH Z & T, R0 i 2 %
25T ENTEDAREMEN TR I,

HRBOABR~DORE

ARERIZE - TE, AR TFHEDO Y XY TFROI VA AAOF AT FRAD LS 7 BfriiAE
D1 FENERERD/NT v A& AT HREIEIZ 72 - T (Carpenter et al. 2001; Frank et al.
2005). ZOX I RARERTIE, ERLOTV Y TFROAA I TFARE N STEF—X N—FE
DIFAED, TALORBEMEDEMMTZ T T, ABRRERICZ KRB EL 5252 &
3 S LTV A (Baum and Worm 2009). A R T HEEB IR T 5 Efli&E O~ Th
L, ARXAFLAMNI b 4 BOCT A=l dhicraX A4, AVF, RFFEAL
ZOMIZT AR ERKEBIZB T D MifREE THLEBEZOLND. 2O LT
A RE NS AFET D [EE) BOERR T, | MOMEHE OEEHNEEH L TH,
ARARAEBRICEZHDEZBII/NIVEBIONLEHS 1992). 7 aX A%, TORM
RABBRREIZBWTAAX L HET L NE <, AXF & BT WA RRFRHIA 4
HLTWAhEEZbNS., XoT, IICARXXOEEBEND LTZHE, AXF0ARE
TR Z IO D X7 e XA BREAL T HABEENEWEEZX LMD, Lo T,
AR X OEEEREAD L TH, 70X 4728 D%DMOBFEIN R XX D EREFHIHINL 2
HRT2ZLICRY, REBRIKOEDNZIREITHEVED LRV EEZILND.
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L% OBRE
2ETHI LI BMMT Tl 4 T AREOK R AN T — 7 4 v v T TIT o 7273,
ZHH OEERDOKREICK T 5 BNAWEREL SCLIE, £ Ml ClfE S -k kv
WM S A bz, £, EEMEEBMTHRE L7 703 2015 4 11 Al S h
T ARREED DG T2 72D, A XX O —Rpl OB EZ SR L TV D IZEE S, AtEo—ikik
EHAT DI R0 b L. Iz T, AR T, MR T LI AT DY
NEM DI % W LT T2, W)U AR T 5 A XX OBMHEICET 2 HMA K% L T
5. XoT, AXFXORMZ L VFEMICEET 2720126, FHEICLVZOFNE
WY TNVEEDDLERS D, £z, HAEYOENEA R, FEHCRERMIZL -
TELT D Z ENMBN TV D Hislop etal. 1991). = D7=8, EHEHNHEHN DT X%
Xl LV EMICHET 5720100, e 2EEEICEAEMEZREL, HEL Y O
ANF 2 ET D2OREE L, BRI LTI, B IS HR L Bk ofk
BRI D2 < A3 15 - 20°C OFEPHICULE > TV, FlIZiEIhbx FES, & LI
EREIZKIREZRBR L COLEE LW, 1 HEZE T TAXTONRBHELZHEET 5720
i, 27 &b 7-23°C DKIRT BBE & VO, DBREFARDLERH DL LB 2B
L. Fo, BAREICBWTE, 6-7TABEIU10-12 HOITE)T —Z LEAGL T
V. TamBELT I E#R LTS5 E b5 8-9 A, FEIMOY—2 25T 1 -
2H, ZLT, ERGROEENTHD3 -5 ADT—EBRHEL TS, 5%, Zhb
DOREHIT & BpA i ai A & F2he3-4UE ., B IC BT 5 1 RO A X% DAL B %
TEDH1EAD. EbIT, AWIZETIE, 4 BELTOEHIM LMTEI 7T —# 2 BG L T
VRS O A R (LEEIN N RIEER I 5 rIREMEN & 5. LB RILL EO TR 2170,
ARFORYMOEMEARBICET 2HERESD Z LR TE D L9 I220UE, L aiEm
IR AXX DEIFEARNPI O NICRDTEA S . £, Ukt EEN A XX OREATENIC
ELTWDHAREM L RIS N TS, Lo TAK, KW/IITEL DT A —F ZHI5E
TELEEBNPFHFEIND T EEWFF LI,

AT ETEREANE SN TWDEN, KFEZHWIUL, ZhETBETLHZ L
NN T o S T BBEDOF - RAERBLT RN XN AT T 5 ENARETHD. 2D
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B SR GOERG 2 WIS A e XV FE L BREEREOWE, BNEWIT,
Z L ORI L 21TEBE e EOFEEAMAEDLED 2 LICE Y, BATICART 24
FOZR VX —INLEHIET L2 LN TE, MO RATITHET L2 Lo TE RN X
NE—NEOBENL R DEREHALNICT DI ENAETH D RFIEIZA XX
ST b BV ELEGT A E TE DA RATRRICEM FRETH 5. 41k, fiikat2 &
DAL L, BAERRICAERT 2EkA RBBICAFEZEMT L 2 LA TENIE, BIR
EHRERRET Y 7 EIT O L THREL R 2 KB H O LR AR 2D
RNF—DOFNEEBEIICHIET 22 LN 2 5.
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e

AR E TS DI ST, B RF R FEAT O Ve 7 SCBE I IIF R O 15
FOMERELZ ZHEIHE, 3cE < ofeE, HEifELz o7z, Z ZITEEHHA L
BT D RGBTSR O RAT IR, AR R A M BR R R
DFFFEETE, R RFREGEFZ MBI EER O 1) E e #5d2, R FE R
PERFFEIT EBR IS FPERF It o # — O b1 LHEBER 2T, FSCEAICEE LT < off
BEalBote. ZZICHELSBILHEL LT 5.

F 7o, HIRHEZ R4 B EERITIE, FAEBICRT 2 TR A A i DS A TE
Wz ORI RSB ERT JE T E IR R AT 78 & o 2 — O F (MBI, Wik b o
PV R DRI EHE TR L FRT 2L TAW. =T 7 7~ ) VRS0
(MOBTIR LI IS K OVK B FE— B RIS X HROE B/ A IS 5 C, Bl C oMl KOV
BOFEEZ, T L CEERHISHHEE, LDIVEHBL LIPS, £, BAKXRKKIC
1T, HRBHAREICBIT 2 EERHREICBOTOE DR bR T KIEETAVZ. KH
DR — F ¥ — 32 OASIS OBEFILERI LRI DO b A U bt & TFER O &
BRARICIE, SUBHRES LOHMICB W THRELS B L CIHE, BY)TEIZ A XX §)
D EERE oS, E, TREBOKERAIEE ¥ —@E T HEREE LK PE R
At B iR E B O EFRE KA b Nt EEHRKRIZIE, AXXFOHEF IOV TEERE
ERB OB N 2Tz, ENLRH WA OESFE O EI2E, RO FHRIC L
HREAEICB VT, EEAE S 2 E V. RO REWRKEREEEE L 2 — DT
BRARKIZIE, AXFXFOBRME T 2OBKRICOWTERR ZERATHN .

FORRF R KUEHET AT B AR REGHRI 3 Br O B HESE IR &1, 2 RIS ) BRI
BIFOHETHICH AL, FICAXFOMMENEIZE L TR RERZTHW-. 221
JE BALH L B 5. [FRAFFEEE D Anthony A. Robson K21, FaiSCIERKIZ & 72 0 HRED
WHIB X OB 2 B S 2o 7. £72, FFREOFTFARINY K, HHEMK, KEHE
R I BP AN A CHl G DT &, FEeRE, FAZE, %IEOBERITIL, BHRHEB K ORARE
BV THHE L O IXEATAW ., LEVEHB L BT 5.

ABFZEIE, HEKEAS A X s TP c s b, WIEBORIFZEME, 3OS ARY
FEN B AR 2 O ) IR FE B AR & 5213 C e L7z,
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A LFRIT ERE O %, MRBOEROW 1857, BRICKZ BITER LI REE T
o5 RS, MIRARORTEZ T L TS NEmBIZIE, & JIEATEHHOBEZRT.
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ERED L ITAERRRAEMR Y S ECHRMNNOEE TH DH. A XX Lateolabrax japoncus
(XA AROMRAERRICENT EIHRETH Y, BRI O A2 Ok S LCH
AENTELBARANCE > THIYRADEVKEREEFE TH L. LonL, —5 CTHAICHE
TLHMEIT DI, 22T, AR TIE, BATICEIT 2 A XX OITEAROME, K&
Q=X F—EEREREHERLHET D 2 L2 HRICUL TR L1772

AR 5T RO AES O = RV X — {0 #ll E

2011 4£ 5, 6, 11 H KU 2012 4F 6 HIZ, HAUE OBMN B ELMERIC B\ T, V7 —
T4y IR D, FLT2015 11 BICE MM X - TR Iz A XFXE 43
EERD D BNEWHRE L. BNEDEZBHRE TR TRLIFY, Mk, &
HEZHEL, HBELCEEWEZ ATRERRY FEE L. £72, 2013 45, 6, 10, 11
H KON 2015 4 7 HIZRWWT,  THERES 11T 00 78 Bl M OV R Gy WS JE ) 03] )1 462
BT D A XX OFER R EHAEW 10 2 BRE5E U 7o, BRI TR 2K 48 - 72 By
Wiz s, vl —2A—F—TCHE1g% VO VF—MZHE L. KEITK
T 5 BNEMEROEIA(SCL stomach contents index)Z 7 B T 5 &, AT
— T4y 7Ry, FEMTHESNTEERO T REmWEAA R b, AXEFDH
N2NBITME, B, FdE, 2RER S, Rx REEAW LB L7z, EO LB
FEI, AU O AR TEVVME L 22 > 72 (chi® test, p < 0.01). EFEHFED T
i%, % v 7 Sardinella zunasi % "1 % 77 FA U > Engraulis japonicus 735 & 2% < HBL L 7=.
ZOZEND, FEEOBMNTIREDIZAERT 2 A XX OFEREEAYIL, Ty kD
HNETTFATLHMDE LILMETHL EBZEZXOND. A AT OFBIER LAY 10 fE
(O 9 Ff & OVHI A 1 AR O = 1L ¥ —fili 2 I U7 SR, MBS 72 ) O 3L
— BT, EEEMBETHEERENR IV, KB % 27 F AU (Total length: TL100
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nipponense 73 g HAKME % 7~ L 72 (Tukey-Kramer test, p < 0.05). ffIZ X > TRV A X%
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KREL B oTHER, HAEWO 1 HEY Y OFEH =R LXF—fiTiX, =2/ vnm
Konosirus puctatus (/% &: 31.0-18.5 g), 7 = Plecoglossus altivelis altivelis (25.0£9.0
g), ~ 7 ¥ Trachurus japonicus (10.7£1.1 g)& W o - iFAFETEL 22 M MA R 5.
o, ARKBIC L - CHREREEL Y O KX —{liz iz Lz L 25, MKRIZAER
T DAY O &<, WARBIZAERT 2 AW O SRV E 1 23 /S iz
(Tukey-Kramer test, p <0.001). A XX DO FHEREAEY &Z 2 HiILDHRIELIREED 1 & &
FAUNE, FHEE 7911l mm, VHREREIL3.6g Tholz,

MRRHEEEDORE
T2 WK B 7 B D AR 8 B OVHORS = ) 1 X o0 IR AT B Fs vV CTRE 1T E
FaFE L, R RFERKUMENIICATICEE L. KR 15, 20, 25°C (ko> 72 /KIET
FOEMEIE L, 201249, 11 A, 201344, 10 A, 2014411, 12 A, 201547 A
FNENORER CHREWEEE VO, ZHIE Lz, FREE% R A 0 B 5
(ORI400-D3GT) % H Y fihiF, Blazka Bliffpk b o /L CTX 512 24 REEREBIE L7=. VO,
HEE, FOE 0.1 - 0.9 ms” OFPHTITW, MIEFILTFT P Z /)L HD BS54 H 2 T Tkt f
DITEN 852 Uiz, Fe AR D & HH L7- BBF (body beat frequency)<> 3 #ii )l
W) O E) = 12 H kT 5 BRI S (DBA: dynamic body acceleration)Z 5 tH L, VO, #1235
WS TR OEWET VA AIC TEH L7z, KIR 20°C TiE 5 @& 26 [A], 15°C T
(% 3 A 22 [EDF 48 [8] VO, 2 Jl7E L7z, ZKii 25°C THIEL L7 i, vk koo
PICEI A, VO, ZHIET HRICATIET Lz, ©F 4G X 21TEMEIER O SR, %
AT, Wrkelivk, EERilEk, 2RO 3 DDOUFK T k% T ENOWKIEE U &
OV IR Eh & 1 4% (TBF: tail beat frequency)iZ A8 CEIR LTz, A8, 05BLs LL
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ROV D 72 DI B /g = R L —(specific dynamic action: 15%)& BjE 45 &, Loy
INHEHTE 5o L X —Alil% 85.6£115.2 kI day” &HEE SN, vk, BEERELEE
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