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TSRO & B OBAFERIL, 1990 FI2ITAY 1 & R (FAO2016a) ThHo7ob D
2020 4E{Z0E 2 f& 1400 J7 b U OKBEIT 202D)E CTEEANL, 7 U7 7200 TR < R R CTKEY)
X DT/EREE > TV D (FA02022), Ll 209 Bz Sic L vifgEsh
% RIRE PRI Bl 1990 4N HIE & A SHM L Ty, 90 AERBARE OB I3 1XIEIE
ETEEIZLDBDOTH Y, 2020 FITITEEEAERD 57 %L EIHEEN DT, L
L. BIHAFEORI TR CTH D . 2 OfFEHI KRR Tl S 2 O 2 X — A
WAEESNTWD Z E0h, BIIEL X Z 5HT20I2 6 RIREEGIROFH R H 134D T
HETHD, L TAHAN, HROWEERD 3 730 1 BEEIRFEICH 5 2 L AE S, i
DAL BHED T2 DI 2 7255 13T Tvd  (FAO 2016b),

HATIE 1980 AR (1984 4, ek 1272 )7 b V) % B — 7 [ TIfREATE BT BUE &
DEAET TR 2020 4E1212 423 T b L E— 2 BED 3450 | £ THEBIAATZOKET 2021),
WPEREOI AR EOL S, E & DOWEEOFHELLETH Y | AL T CEEH %
DOHIIIRANH D, L ZAN, AETEETE ZIFRZETH RERICHED B3V Tun s

(1985 £ 227 75 by 2020 4F 87 7 b ), RABEBFROEFHIZHNT, AATIX
MSY (maximum sustainable yield: i KFEFGEAEFER) & FAR L Lo B—f 2 & O & FRE N
HuL 7275 (Makino 2011; Ichinokawa et al. 2017) . A ADIRFEBFED TERIMIETH DRV E
HELCEEMIN TN b ZHFELAET H2IIETHY . RBEORFEREDTERIIH-T22
RGN REZ LWE R 2 B AT 5 MENH 5, F-HRMIZIE, AfESY A X%
BT HMELD S, BEICKHT HERROICELIR LT 5 2 TEERRMFZ /N T A
L MIET LR FHN TH D L WD BEZXTTNIRE > TS (Garcia et al. 2012).,

EU <24tk Tl 1Q(Individual Quota : EBI7AMEE]2)<° ITQ (Individual Transfer Quota : &
AIREME AR &) &R & L CTHEA 2K EERTRAE BN ED b TR Y | AL E LT
IKEEROWREDHERF STV D, o, AR — 2 DO EGRE PE(Pikitch et al. 2004) D

B2 MNEPE L, ATLANTIS (Fulton et al. 2004) <> SEAPODYM (Lehodey 2005). Ecopath



with Ecosim (Christensen and Walters 2004 ; 2L F Ecopath E7° /L) & o 7ol 6B RIC % T2
BRbE LRI DB A AR RER AN — A TR 2 E7 LV OESNE L\, 72, ZDTDDARE
RICBT DWHBRET —F DE=4 1 » ZRHIR, LUK T 2K EIROISE 2 EDEH
TR OFEAR S D 5T % (Link 2005; Heslenfeld and Enserink 2008; Greenstreet et
al.2010; {EH & 2016), {EFEARERET L OH T, ATLANTIS X° SEAPODYM (%, BRELCHE
EME AT 2ERDOET NV ET v T ) v 7 SETEROBEL THTL2ET L TH D,
—7J7. Ecopath &7 /WFEREAEED IREERE TOWMBRE R TAA A~ ADFILTHR I £
TNATHY | WEERREBEORRE ST 2V —AE LTEARIRFEND (EHD
2016), Ecopath E7 /VITIEEIDY 7 by =7 THVHTHRIHT LI ENMTEH T Lnb,
BE T AERRET ) 7 O0B Tl b Z<FHENTEY, R 155 »EHLLET
900 LA E L DA HEFNABEINTWD, £, ETNAVNOMIEIIBIESL T v 77 — hdi
HDHNTWD, S BIZ, WHEARRRO LR BT, WECW) 72 ERk 4 7200KBE O ERER - e
BHETZ LV E LTRSS TS, EU T, T TIIEROBERFREHIEN Sh>oH
% (Craig and Link 2023),

—7J5. BARIZEIT D Ecopath &7 /LOAFEZLZ R L Cik, PRI 2 8 &
(ZBI92E7 /L (Okamuraetal. 2002) . 7 NEERGEEOERERET L (B 2015), AL
DEMERRET L CRIES 2016) . BEUE DIRIKAEPEREIEICBIT 5 €7 /L (Sakamoto and
Shirakihara 2017) . AEPE AFE O/ N RIRICIE R &2 2 T2 &7 /b (Watari etal. 2019) . 3 H
ARKELER O LEER B L 28124 5 E 5 /L (Boothetal. 2020) NG SN TNWDDHT
b5, ARIZBNWTHZAMERL HAE LT AERRET VOREIL, FROMIE R EHE

WCARAIREZEZ BND, AFFETIIAERERET LV E LT Ecopath 7 /L2 W, ZHET
B D72 B AR OIEEGTRIZ DOV T, EARRR GREEIRORAE L 3EIcx+ 54
RERDISE) ZMRA L, BUREZHHET 2 & & BITREROEREFRDH O F IOV ThRET&AT

277,



T U UV ORISR GF 2 3) ROHAMEEmTEE (B3 %=, 4= &
L7z, WEFIRFEDOET L TIL, Bl HKEE 240 m £ TR E L, FITHETSRFE
DT — % % T, Ecopath E7 /VOMEIZIT, ARROP CHELREEZRT-LT
WD IFRERN B OIE MRS R R 72 2 &6 FER RO R REBISALE T D PHEEO K
75 m 705 200 m £ TOWRKCTIEALEY OREFELTV., 7Y 70 B e fkRe 7 v
— 7 RIRE Uiz, PHEWRITIE B0 R OB AIBIZSHE O E B R K OBEE N FE L, —k
HNTH 2 HBJOWAIZ X VB2 58 ORI T TEMZSERME & AT O @ iR
S Tnad (BEILS 1977, Bk« #H 1979; Watanabe etal. 2017), 7=, FH&WEE &
FESR R OEMHEIL, © 7 A AXF ZAHH, TV A U VER EORES K ORE
B U CHEERKZEZ R L TEBY (Fuji et al. 2010; Sasano et al. 2022; Takeno et al. 2014;
Yamamoto et al. 2017) . FUES R HEER /K PEFZBRAT DM TEE B S RAFEIZ DTV Bilii f &R /AE
MOARET — X 2R L C& -, H2ETIE, LY — A7 hORHI# T Ecopath &7 /LD
BOERERBEMAZLE L, LY — A7 MR BT b L s Rk o A= g R i o 28
b & WSETKT T B A T L7,

%3 FEEE 4 BT, IDFEOEEEATRR LT 5720, FERRIZ O % AR
T VG EBIEI 0D KR 200~500 m O A ARER O BWIRGIE 2 i ~, EAAERRI T 5 ED
RETHNZE LT, BUEDEOE MECED R4 20 L7z, AL, &2 3800 m
T 2DIZxE L THNEE D73 D 4 YRl CRIES e, HERye, Z2aipbe, BB oK
TRIT 140 m K0 W&V D FFE M 2 8 D BIEROTRE DO S & IRWTRIETEIER D17
TEDS, AAYERAA OWRHEREIE 2T L T2 (R 2000; Okiyama 2004) , A & A
FTOWEARITEE S oA L, £ O T, Ml TAER S AAREEAK L Wb D
# 1 °CLLT DK DS, ERFEDOKI 85 % % 5O LB THAMT 5 (Yasuietal. 1967), HAIE
A 7K DK S & A DIA S | R B OAIZ K D185, AR 1T S Abm

A, AR ZWOKFER ED, AMOERIZL > T LWRELZ -6 L Tn5, S



(2, BT B AR VR UL & 7oK TS fE © AN b O INNZ Ak, IRIE S b, Bl
F7e EOBREEAUIZ LY . AARWEO AL EE b FaR-OM A R U B 2 Vg
DO PR A Z R LTeDBOREIZ T 30 filiie A L T&E e UhNIED 2007), € DR,
A A O UG AEM TR Z R M & BEA T TR T A, ik & 13Kk & < B/g 5 ket
IRERESR L AR AR L T D (FEAT 1974; Nishimura 1983; JfiiE 7~ 1987),

53 ETIE. AAMEREBIEESRIC IS W TEOE MIC L 2 BERE 2TV, WEEMGREET T
2RI RFEDEDONTHENA A~ R L BWEEZTIRD Z LITK Y, BYErEE % i
THELEBIT, HEORWARRET NV EWMET DI2DICBEREES V—7 ORE L =
PR O EROWE 1T o7z, B 4 ETIE, B 3 BOEVE HEHRAEORKE KO
R DOREFHT — & &2 AT, RO Ecopath &7 /L A4 U, A MRESE OFER B &
BY)aEE % €7 Wb L7z, Ecopath &7 MI K> THI) SNT-HHEEES L — 74 RER &
HEEITRTT DRl AR 2 VT A AR E D JEAARRRICK T D IE N E i ZE DL &
BREOBRIZOWTRHEI L7, F S5 ETIE, F4EETOMRE S LIT, AARMEOEIE &
RIS BT DIEARRRZ T 2 L & b, b2 EROMIEROIEEERR L b
bl L7z, F£72. Ecosim Z W THREE 2 fERANICID S B TBE ORIV T 2 L—Y
3 &R BN & A AT O EZE(LICOW T TENRHEE LT 72, Zh b
D LL# At % L C Ecopath £ 7 /L DA fifitH L. Ecosim, Ecospace < Eco tracer &\

7= Ecopath &7 /LD 7= 72 EEA H W T2 IEARERE T L OASKRDERIZ OV THG LT,
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L= A7 MIMFAERRR O Z b To b T HERER THDH Z & 55 (Takasuka etal.
2008), LY — AT T OB @I AR OME L BERE A PR D T LIk, R RE R
M TR 22 G IR PR IE A ET T 5 ECRAIRTH 2 (Costello 2012; Piet et al.
2017), A HE T, AARICET 2KEGFREIL, FICHRIRETFEREIC L < B—fE EE
WaEBA L C&7 (Makino 2011; Ichinokawa etal. 2017), BifE, HADHEERD 80 %LL |k
IEERE 2 S D EEMRE, EOEMRE, ESMEEICI2bDTHL (BHOKES
2020), WZIZ, ARERR—AOFEFEILZ ) LI ZEEH Al E T 5720 0F%)
IR FiE L 725, Ecopath &7 /L13 1984 £4£ICHHFE S, AEREROMIE L BEREA 0T L, D
RRETMIT 5 Z LN TE DHEHFRAERERET L THY  (Christensen and Walters 2004) , i
RTHROBFASNTWDLEBRETLVLOOEDTH D,

ARETIE, AARMEO IR REICR T DHEARBRICL Y — LT PR ER D EE
M52 2 HIE Le, LY —AMICEIT 2REBHEIED L L ENFEEIRICE 2
% 5B BMRT 5 72012, 1988/1989 £ED L — AL 7 MLLET (&7 VAR 1985 4F) & LItk
(BT VA 12013 ) OFEFIN I D Ecopath ET LV EEE L=, T HD 2 >DET )V
X, 1985 FITITEE M E EER, 2013 FITITFITEBME VD | Hp D FEREIEIT R
SNTAERBROENE R LTINS, BENERRERE REICEAT A EEE LY —

LT L, IRFIRSEO R AT REMEIZ W TR L 72,



2-2 BBl iR

2-2-1 ET VIR
7 U 2 7 OXGHEIIREITFOMRFHER T H Y | WERIRD HAKTE 240 m (IEHER 35 B
9 53). WK 134 F£ 8 43~135 & 5 3 OHiPHE Lo, AR OEIT 2230 kn 2 (2K A7
(Fig. 2-1) o FUESNF ORI SRR O B 2 2 . € ORI Z (5 % PHLEOBREL & 4
WEREE. RIS OFRAKDEEEZZ T T D (Itohetal. 2016; IS 2017), FH4iE
DERHE, HEHER, EMAEPERA D= X LIZONTIEEZ L OIFEHREDR H D (e.g., Akiyama et al.
2015; ¥ & 2017;Omweri et al. 2018) . Z DVFIZIX~ 7 2 Trachurus japonicus <°71 % 7 F
A U Engraulis japonicus 75 £ O/ AN BRI KIE L, ~ XA Pagrus major ° A /N
JVHH Sebastes spp.7& £ DinfEMEAFEN AL T 25 (Masuda et al. 2008; Terashima et al. 2020), 7
VU Seriola quinqueradiata <> = Scomberomorus niphonius D L 5 72 KB O EED LTS |

% R 6O TPHEMEIZSKIET %5 (Terashima et al. 2020)

2-2-2 EAEEYORE

FABAFACECALIE S 5 BRI H & Z O ERICIs T, 2013 43 A, 6 A, 8 H, 10
AL 11 AL 201443 A, 6 H. 9 AIZEAEMIEEDORHELIT o7 (Table2-1), FAIT the
Japan Long Term Ecological Research Network (JaLTER) ®—Bg & L THEfE L7z, mE KT~
1=V RRREE I v & — B K PEEBRET O BEMFTEMRIEIL (180 12k v, MR
AMNHAKES m, 10 m, 30 m DWHRIZIHEWT, KT IR E—L hr—Lxy b (HS
20em, BE2m, Ay a4 X5mm; ALo 2001) K2/ v FTS5oHEME (EER
MEE AR 600 m?) L. KEJEAAMERE LTz, &KEHIZIBWT 1~3 BORMEEZITO,
RPEALS I O BRI S 25 5 (GPS) 71 v #— (HE-61GPIl; A% & FrRkAth) %

W, Rk S A7 BB AG AR & R T R DR & R ONZIE T IO T RUE R A B L7,



A TRIE LAEWIT 7 7 78 B E R E T TOdRAEM & Uiz, BoNTEAR
(TOK TS UEBRE £ THEO, HERE, MRELZOL, 710%™ 5 / —/LTHEE LTz, 5
AVE, BE, WS, BEM. KM SR, BREZEM O 6 SO I2oOnTT
EHMYEE TREL, I LIEERBEORE LB ER (gwetweight/km? ) DFHAZ1T -

7zo IR LKIRCHEBIBIRM T > 725613, WERE, [EREoFEEE L L,

2-2-3 [EAEEYDOEES NV — T DRE

B SNIEAAEDREEDO TN D 9 MERE/ NV — 7 %18 IE L 7= (Table 2-2) ., FEDERE T,
TR R T DDA A~ 2 (JBREEYY T ) T TAAL F~ ABRE )
LRV CTORERZEM: (RESGATED EEREAEY Th HH) (TSN TT 272, AT
X, EYA XD Smm Tholz7od, KEN Smm RO ITR L Lishole, 7757
¥4 (Aurelia coerulea X° Nemopilema nomurai 7% &) HERE SIS, TRERHIH L0
DT DI ERBIREEEN TE W E T L, E7nB R FIC R 2 2 b oI

LFNH AR A STk 72 o 7o le 8o, RBFETIIRISR & LT,

2-2-4-1 Ecopath &5 )V

SRR FIBIZ IV T, 1985 42 L 2013 SEDAERBRET VA L, (DB Z TN
% 72812 Ecopath £ /L (Christensen and Pauly 1992; Pauly etal. 2000) % ffif L7z, &H&,
ERER, A AT ADIUTENT 1985 L& 2013 4D 2 DOET R TEWVRDH -7,
FrZEIRBEDOETIE TH Y . 1985 FO~A U OFFREIL, 2013 FOZFPFED 135 5T
&7, Ecopath 7 /WX, ARBRNOEIRE L0 O ANEHOFRERENT ADR
Ty T ray ML, BIREEZREEREE Y 7 SETERIL T D (Christensen et al.
2005) . Ecopath &7 /WL, & 2 FOE IR &, EIR &I T HAE &, B &Sk 2 1HE &,

BYE BERICET 7T — A 2 VT REBRE S L O~ ANT U AOEEEHET 5,



DFERITLL T O TERIA SN D,

B; (P/B)  EE;—Y;—E;— ¥71B; (Q/B);DC;; =0 (1)

T Bi & BiXENEN, (HEWE DR NV —T i CHRE L ARV —T D
NAF~ATHD, PBiIIERET N—T i DA F~AHT-0 OEERT, Allen (1971)
DEFECARKL Z |5, EEi I3RERE YV )V —7 | D551 (Ecotrophic efficiency)
THO ., EFEHPFNTHASNIEIE L L OREND, YilIHEES NV —7 i ORIEESE T
b5, Ei 1THRET NV—Ti DFTNVERNNA~OBHAR, (O/B) ) (THEE j O A~ R
B2 DHFHETH D,

DGji 1 ZEBAEW &L 72 DRERE N — T i R T OB Vv — 7 j ORMT&H 5, Ecopath £
TIET X TOWEEZ L —T1ZOWT DGi & i DANEMELT L, SHEREIV—7" 01T
BWT, 4 50D/XF A—% Bi, (P/B) i, (Q/B) j. EEi D> H 3 DIIEGFOT—X &AL
RTINS, £ TIUX, 4 DHO/RT A—Z Tl R E o THEET 5 Z &
T&E 5, AL TIL, BEFD 18D Ecopath &7 /L4%4E1Z Ecopath with Ecosim 7 h 7 =

7 ("= ar66) EHEHALE,

2-2-4-2 {RBEHORERE S NV — T DFRE

TSR RS B W TR SN S A s | AR O B — 4 b e — /L TERE S Lo EAA
WBHEIC, BT T 7 N WM T N TR IA X RAEIA T, 40 OHERES L
— TR E Lz, e v — 7 & d, oA & BYEDFBMEIC K> TE & O EWMRED 71—
T Té% (Colléter etal. 2012), SHERE VL — T ZHERLT 5 A MTE (%£4) % Table 2-3 IT%
LT, KWFED A0 HEREZ NV —T" D 5 5| 13 HERE VL — IR AR (122, #23,
#24, H#25. #26. #27. #28. #32, #33., #34. #35. #36. #37). SHERE/NL—TIX

EAMSIE #11, #12. #13. #15. #18. #29. #30. #31). 14 #45E7 v — 71Xl f

10



BHO(H1, #2, #3. #4. #5. #6. #7. #8, #9. #10, #14. #16, #17. #19), 2%
REZ L — FIFEERE (#20. #21). 2HREZL—T1I T T 7 b o (#38. #39). 1 HERES
N—TXT MU Z A (#40) Thd, IHITHEET V—T %, ZOHBTAEFLZEHT S
TEEERSRE 7V — 7 & | WA ) & SkilE L — BRI Z Ok & F 9 2 (el gE 7 1 —
Ao T e, KA EEORIZZ, 7V, ~ 7 ufEH, YU T2 E0 L5 I ENERE OEH T
— IR AI 2 i - R AT 20RO IH b & D, Lo L, EOIRREELZ 12546,
KA EERITIRE R & 2 ORIFIMERRE <, BB L—7 L L TR TERLRND

DTHD,

2-2-4-3 RTRA—ZDAT]

ERE (B), BR&EH-V OLFER (P/B). BREHT-V OHEE (O/B). &% (DC),
WHE (V) LV oo AR ATI T A= 1, WRES V—7" 2 LA TS0 D B 1572
(Tables 2-4~2-8) , 1985 £ & 2013 4D KU AR FIIZ I8 1T D I RO BAE S /L — T D
N R A R T 5700 T OF HIRE R (Table 2-9) M L7 OXERF 1987,
2015), ZOWFZETEHEM L7z7 —Z 13, SR RO K 240 m £ TOWRE T KA
HITVD 6 DOIMEEITAE (T2bb, EEM, B, [ROEHE, fI LM, HiiE,
IERERZ ZT$10) B EA TS (Fig.2-2), iz, BENR TIIRVWRHNEEYOEHR
I CTH DEAEBPICONTIL, AROE—A N B — I X ABET — X 2 LT,
P/BIIEMNTR (7)) LR%ETHY  (Allen1971), TR (F) L ARELTER M)
DOEFHEEFRSND  (Pauly 1980), F xR L A A~ ANLHE M LT F=Catch/B),
Q/B tk & M X, Fish Base O/EfEH Y — /L (https://www.fishbase.se, "Accessed 3 April 2021")
Zffi > CHH L7 (Palomares and Pauly 1989; Pauly 1989; Palomares 1991), EFHEE (2>
WTIE, M & QlF SeaLife Base (http:/www.sealifebase.org, "Accessed 3 April 2021") 75

B U7z, fSEERE 7 v — 7" Q/B thid. Palomares and Pauly (1998) D#RERH) 2 VT

11



HEE LT,
log (%) = 7.0764 — 0.204 x log(Winf) = 1965 X T’ +0.083 X A + 0.532 x h + 0398 xd  (2)

Z 2T TS DR O A BRI DR O P15 KR Td U T=1000/TK (TK =T °C +273.15)
TREIND, A IFRBEOREDOT A7 MNETHY | FaDilErkie ) & RBHEEOHEE & LT
RATE, A=hCFs TRSND (WCFITZREEDOR S, sITREOHEE), T A—F h&d
X, BEOWREZ NV —TORMEIZE > TERIND, 2FEV. 7 NI XABEOLAE. h=
0. d=1; HEMEEHERMEOEA, h=1, d=0; ARME - BAMEOEE, h=0, d=0 & ER
EN TV 5 (Table 2-10, Palomares 1991),

TR BIBIC 31T 2 IR R ORHERE 7/ L — 7 OB IR I, 1R 2 HEE iR TE
HZ LNk o THEE L7z (Table 2-5) . /& IS SR 13K T O EIRGTAM A Fds L OSCHk )
HHEE L (Table 2-5) . €7 /WIS CITBERIT—E LAE LT, WEROBEREHI, A
FRREZR T — A MBOLNTNWATZD, KfEIZCEODL LN TXehroTe, T NI XA T
M. BT T U b DR DA A~ AISCERD B 4572 (Yang 2001; Akiyama et al. 2015;
Watari 2015) (Table 2-5), WiET /LVORBYIRTH MM T 7 7~ DAL I~ X, AT
THODOPFET —F BA+43Th o772, Ecopath TT /VORREIC LW A LTz, &t
WZOWTIE, LERESHZIC LT EC, BEE&ANT VAL E#ERKT 5 X 912 Ecopath &7 /L DOIEE
IZ L0 BlEESHSRE S LV — 7 CHHFE L 7= (Table 2-8), &PEF (Table 2-8) 123\ T, #5HEAE
IN—TIZRBT LAY EBIADETHT. BT /ARMEFC 1 (100%) TRITFNIT R
W, LU, %< ORBUAFED —RFAI SR RO HENE L TS 20T, F#OXK
Ay DEEAEMNT T T LRI THAE SN TV 5, Ecopath /LD [BA] HREIZ, 2Dk )
IR T ORI E BB L TV D, RBFJETIE, Bl L TE 2 RBHERO TBA) ©

X P/B, OB #2212, BHAEMD EE i LT RIZIRE LT,
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2-2-4-4 Ecopath EF/WVDREEL FLNRT 22

KETNINT A—H (B, P/B, Q/B. DC) D AJMEDIEE % Ecopath ET /L D“XT ¢ 7
U —#rE” 2 VTR L7z (Tables 2-11~2-16), X7 ¢ 7" U —BERE O RFAM O RE =L IE
+10 % (IRAMEEME) 725490 % (EAMEENM) THY .| Aydin & (2007) (ZHE-> THF LT,
Ecopath ET /L D/RT7 U A% WD T20I2IE, KHEEES V—T D EE % 1 X VK< 205N
&% (Christensen et al. 2008), 1985 4E7 /L & 2013 4EET /LD EE [EEIRE NV —T7 T &
s L7z, £7, 7 L3NF A (PREBAL) 2% Ecopath E7 /LN TIAT L, B
TLDONRA A ADEALE TR LT, N A~ ADMHE GHEER) 13, R EPERICES
SNTZTRTOBEEES L — 72725 T 5-10% >3 _X&E Th 5 (Link 2010; Heymans et al.
2016), F7o, TXTOMRET NV—7 0 P/Q EDHiPH%Z . Ecopath &7 /L% HV 72 J64T 3Rk
T SN TR OBERE 7 v — 7 D@ O &t L7- (Christensen et al. 2005; Watari 2015;
Watari et al. 2019), & 512, 245 D Ecopath &7 /L 0D TL fill & Je4T SCHR O BEYENE & Ll Ui
IEfETd D Wl Uiz, AR RO Ecopath €7 L OEIKIZOWTIL, 17 OHEAEND
72% PREBAL [ZESWTF = v 7 L, ZORMRIT"R", "A", "EE "O 32T 71T

7= (Link 2010),

2-2-4-5 AREFRFR Y NU—7 51T

ERER T Y b U — 75T, ERERET LD EEICESI OV Oh0EEE T 5 =
LWTED, AFRTIE, LY=L 37 FOREEZTNT 572010, BIHEEES L — T D
BepE . MERFEEL. mixed trophic impact (MTI) 34T, F—A h— UM Ot % EEAIC

HAiL, DL U—A[ (1985 4, 2013 4) T L=,

SR (TL) bALERICBITAKE LV — 7 ORBEBEOMEIT. U TOXTHET

& % (Odum and Heald 1975; Adams et al. and Heald 1975; Adams et al. 1983) :

13



TL; =1+ 3X7_,(DC;; x TL;) (3)

T 2T, TLiIMSRE T NV — 7 i ORBEPETH Y, 1137 MU X 2R 2GRV RE B
BEL., @B B REE EZ KT, DG TR T, AR OE L L T4 Wk

BRI N—TiNENTETFEGELTWENERT,

MERE (oD MR (0D 3. & 25HERE T V— T DR ORI B DSk 2 %

L. UFOXHIZEHE NS (Libralato 2008) :

oL =3, (Dcﬁ x (TL; = (TL; - 1))2) )

ARy YA NOREZ V—7" D O DIEIZ 0 1Zi\V, —F, Y= FxT7 U A FOERES L—
7D OI DfEIE 1123V (Christensen and Pauly 1992) .

The system omnivory index  (SOI) 1T &R T DHEEMEDOFRIETH 5, SOIZ., fE
EW L BE OMARBRNREBEBER TCEOL I IZoM L WA nE R L, AEERR Y B
U — 2 ORRNREMES 23T, ERERMO SOI kT2 2 & T, ARROFREERE
RREE . = L THRB L OABNZREICIHE T 2882 3HliT2 Z L 23 T& % (Libralato
2008), SOI DEFHNZAIE, 1FEESE) & BRETZ(KIC X 5 ERER O REMED RN AL &2
<9 (Tritesetal. 1999), & 2 ERER D SOI I RN DOEEREZ V—T7"D Ol Z NEFEH LT=bH D

THYH., UTOXrICEREEND,

yri(o;xlog @) (5)

sor = ¥, log (i)
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INERRET, SHEEES V— 7 1 OEERE (Q) O TH D,

Mixed trophic impact analysis (MTI)  MTI Z5ATIE & HHEEE 7V — T DA F~ ZADEAL

RN OMDT X TOREE S V—T DN, <~ AN H- 2 D88 (mji) ZHliT 5720128

VB AL, SJEATSCERICE © TR L 72 (Ulanowicz and Puccia 1990) , #HE 27 /L— 7 IIZ BT,
WBEB 2 HTN—T ] LEBEZT LI N—T i LOROMEEMILLTO LY TH

60

Z 2T, DGi lZ BT, WEEWIE S V—7 ] OB T D EHEWMEE S v — 7 i OF5-
RS, FCi IR N—T jIZLBHERET V—T7 i OWBROEIGE2EK T, TOHHTIX

s - AL HAEREO L LTED TS (Christensen et al. 2008) .

F—RX M—UHESWICBIDIHE Fo. EHEIV—TjOM I~ (B) ERBEK

~DOREEE (5 ) 1E, Valls B (2015) OFIEIIMEST 5 DOAEREFEN T Y —(25
L7z, 3hbb, ¥—A b= (W73 V— A, BEE/EA A A~ (7T V)—

B), IBREE/ENA A~ (BT7IV— C), REE/G A A~A (I73V— D), BL

QR (T2 Y— E) OD525TH D, Z~DRRRREBEBIIRO L HIICHBEEIN D,

g = /ziijmﬁ- (7)

ARRICHT DREOCHELERILTHODERRR Y FT—2 458 LITOHEEIX

R E DIRIEDERE 7 N — T\ G- 2 D50 A EBINIIHGET 2D TH D, Fipl ATREZRIAE

15



B PRI L 72 IR DR E ISR,

Mean trophic level of catch (TLc)  TLc 1%, &7 /WK OFRIEY) O -5 B % 7R

L. UTFTOX2IZEZEEIND (Lindeman 1942; Odum and Heald 1975),

2i(TLix Y;) (8)

Tle = YiYi

I TTLIIERE I NV —T i ORBEBEOMETHY | YilTEEI NV—7 i OFEMIFEETH
% . Ecopath &7 /LD —{DOAERERIZEE T 2 FHEIX, Odum (1969) #HEIZ L THE I
TW5, TLi % & EBF IR RO Ecopath &7 /LD A & R A i 6 A ST g

ERRRET NMIOWT, BT VE, E7VER (kmd), BRI V-7 08, €7 VKRG

PH., 7w XU ORIERX Sy, F8EE. TLe, WIS, SOI % i L7- (Table 2-17),

Primary production required (PPR)  {fZENAERRRIZE X 2B AT 572012, 29
DIEZ T Uz, EfEAEFEZCRE (PPR) 1T, RERZ X 5 OB A E R 2 7R

3~ (Pauly and Christensen 1995) , $§4E 2 /L —=7" i ® PPR (PPRi) (ZLA T D X HIZ3HHE EN 5D, -

Q reaator 1A
PPRi = Zinaths (YL X Hpredator, preyp"# x DC predator,prey ) (9>

predator

: : T Yi 63:1%%?% 7‘/1/"—70 l O)ﬁiﬁﬁlﬁ{ﬁlzgif&) éo Ppredator 63:T$ﬁ%®$}i£%\ Qpredator 63:T$ﬁ
FDOIHE . DC'predatorprey 1THHEE ORMIZB T L8AM T L OEIGTH D, HDHRIT

BiF5 PPRIIRATHEIND,

PPR =Y. PPR; (10)
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5T, REMAERHT-V D PPR (%PPR) 4 EF/VCLULTO LI ICEE LT,

9PPR = PPR (11)

/ Total Primary production

Index of the loss in secondary production due to fisheries catch (Lindex) #5821 5 kI
IR A PEDIR AR (Lindex) % . PPR MW THH L7z (Libralato etal. 2008),  Lindex DA
MREVEE, GUEEMICH D Z & %7777 (Colletal. 2008), Lindex MDAFEIE 0 725 0.25 D

PHICHY . WATHESND -

m
Lindex = ——1— x 2 (PPR, x TET:i~1) (12)
i

P, -InTE

Z T, PUI SRR, TE 1XBRHh=R, PPRIVIHEGET Vv —7"1 (=1 ..,m) (T

TR AEFERTH D, TLIIIHERET N —T i DREBEEMETH S,

Classification as sustainably fished (Psust) ARER & EOBREZ LT 5722, £kl

REZR R IR BIRIE L T D0 & W D SR (Psust) % Lindex % F1WTHEE L 7= (Coll

et al. 2008), Psust fEIZ &V . FENFRFID 1985 4 & 2013 FEOET MZIBT DiEEDF;
ot FTREME 2 B L 72, Psust 1X Murawski  (2000) (2 X 2 ELEDOEFRIZE STV S, Coll

etal. (2008) (% 51 @ Ecopath £F /L% 2 5DV N —FIHH L=, T7bb, HL#REE
DAERERDET /L (Group 1) & Ffge ATREZRABDARER DET /L (Group2) T D, Psust

FRD X HIZREND ¢

P (L,>L*)

TP (Ly>L) 4P (Ly<L*) (13)

Psust (L*)
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T 2T, LIRSS RIS H 1T D 1985 R E 721E 2013 BT AVARIRICH T D Lindex DfE
Thb, P <L) 1T L" X VIROEEAE % F5D Group 1| DI TH D, P L>L") 1%, L3
LIV REVHHEOHETHY . Group 2 DHHTH 5,

PEVME (Psuse>0.75) 2R 335815, g S ARRDFE ATRERBE/RTHL L 2R LT

W5 (Coll et al. 2008) ,

2-2-5 BREAE)

1901 4725 2019 4E % TO HAMER P & O F g dE ARIR O 7 — 2 (KRR
https://www.data.jma.go.jp/kaiyou/data/shindan/a_1/japan_warm/cfg/data/areaE_SST.txt "Accessed
2 Feb 2021") #XRJTD HP P57z, £7o. RN OWRMEREE (e-Stat : https:/www.e-
stat.go.jp/e-
statsearch/fles?page=1&layout=datalist&toukei=00500216&tstat=000001015174&cycle=0&tclass]
=000001034726&stat_infd=000031605852&tclass2val=0 "Accessed 2 Feb2021") ZfEf L7z, &
FEOWFIE AR 72 DRFRINT — 2 % 1965 4715 2021 - £ TOREHRFEBIZIIT S 6 >
DFERES N — 7 DR & i L7, HAMEIZIS T, 1970 4E00 5 1986 4 % TN L
T2 1987 L AR LY — A & L7z (Tian et al. 2013; Yatsu 2019), L7285 T,

1985 FEDET IVIZER L —LWICE L, 2013 £0OF T /LITEEL O—AMICET 5,

2-3 MR

2-3-1 S ARG UTUT
FEARNT) EHETE /T A — 4 % Table 2-4 |77 ¥, Ecopath E7 /L% 1985 4 & 2013 FE Dl f5

TNT U A& L oT=, 7272 L. Ecopath & /LINFEIFID IR DO BIRT — % T/RT o ZANREL
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N> TG AT, BEOEEZFEL TRNT U AD ENTZET VAL LT (Table2-8),
TRV ARMAERTOMEZ V=7 TiE, BIEICBIT LT MY 2 AKFEEZZ(LSET
NTG A& b oo, ZOAREOHEZEDEEREENTHLA VL ENF I TFAT
T OEPREN 1985 F02 5 2013 FOMICKRE LS B LI Z Lo b fARMEHEE O /IT,

1985 FEAZIT~ A U, 2013 FAZIT A Z 7 FA U T E LTz (Fig. 2-3b, ¢, Table 2-8),

2-3-2  Ecopath &5 LV D7

T4 7Y —BEREIZ L D Ecopath E7 /L ORHli DFEMZ Table 2-14 128 L7c, 1985 4 &
2013 FIZBWCREBRO BT —# 2 W7o, W TR UAT ¢ 77U —ifili 2 vz,
AT 7 =MD EWIE EFHI RN m W & &R T, BIZRT 5T ¢ 7Y —RFfh
X, BEHRE 7 NV — T IC oW TIE 3L BAEEYKEE S L — 2O TIE 2 LT, 2L,
Wi 77 > 7 ~ 1% Ecopath BT /WICHEE S 72720 8 & LT, AJEME/ L—T7 D ¥ DX
T4 7V —iHiL 2 Tholo, TRTOMEINV—TD PB DT 4 7 ) —3HlL 7 & L
oo SHRHHDOWRE N—T"TlX 7. EEBHOBIES V— 712 o0 TIE 8 & Lz, T
DEREZ V—T D DC DT 1 7V —iHlilL 6 Th o7z,

1985 EDFE T /LT EE [E R b7 > 72 D1% 0.86 (#14 £#38) ., 2013 4EDE T /LTl 0.87
#5) THotz, EEEREVE VD T LIXROEFEPE O R LU I+ 5 5%
NEWZ L ZIRLTWD, PO OFPHIZ, 1985 41238 T 0.11-0.30, 2013 4Tl 0.12-0.30
Tholz, P/Q O#FPFAIZEI L TIX Ecopath —H%—H A RIZB W TT X TOMEES L—T
730.10-0.30 DFEPHIZUL E D Z EMEE L & Vi T 5 (Christensen et al. 2005) , PREBAL
DOPWHEFRIT, T X TORET "BEF "E20F "FERFAN "THY ., TTILDNT AR
ENTVWDHZ LARL TV, TP PREBAL D H% Tables 2-11~2-15,  Figs. 2-4~

2-11 1T L,

19



2-3-3 R & R B

M L 7-MERE S L —T D D B 28 JIL— T W IE TN R OIS 5 T o 7= (Tables 2-
9, 2-11), FHFINERICI T D 28 DEERE 7/ L — 7 DRI, 1985 £ D 21.5 t/km?/year 7>
5 2013 D 4.0 t/km?/year £ T L7z, I~ A U U OMERIT 15.8 t/km?/year 725 0.3
t/km¥year |20 LTz, F7z. FEFIRFIRICEK T 2T X CTOMEES V— 7 OB AR
oE 7 —2A4T 7T AXIR LT (Fig 2-12), FUANIR I C i) o 35 i Be s
%, 1985 75 2013 FEDMIIT 3.06 706 3.20 ~& L5 L7= (Table2-13), 1985 4= & 2013 4=
T, JEA MR OB ML 2.00~3.47 LIEODOfEE /R L, ZHULEICT h U Z 2R
DEAEAEY E TN Z LICHEINT 2 (Tables 2-4, 2-8), FFHOREEEFEDOE TIL, K
bR 7 L — 1% 2.55~3.49 LIRS RABERE 7L — 713 3.00~4.00 & EVVEEZ R LT,
AR BTl 7 v~ 21 Thunnus orientalis M@ 5~ 7 08 (#8) HERE/ L—7, N
¥ a U h P Istiophorus platypterus & 7 1 71X Makaira mazara @35 7YX (#9)
BERE 7 N — 7 DN b OB PR OE AR L7z (1985 AE1XE 4 4.07 & 4.08, 2013 41
4.08 & 4.07) (Table 2-4), 2013 4 SOI A (0.36) 1% 1985 4F (0.29) £V & &A-> 7= (Table 2-
13), BT /WSO OBRE 7 NV —T OB ADIEIL, TR BIEREE 4 b O FbgRe 7 L
— 7 (#1, #2. #3. #4, #5. #6. #7. #8. #9. #10, #20 L#21) T0.1~0.56 &%
E LT, 2013 FDETNATIE, /MNMUFRAOP THRROGFRE CH ST E I TFA T %,
FEMERIE (4, #5. #6. #7. #8. #9. #10. #11, #12, #13, #14, #16, #18,
#19, #20 L#21) OEREEAEMHE LTRELRITIUE, ETNVDONT U AL DT ENT

X hoT,
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2-3-4 Mixed trophic impact analysis (MTI)

MTI OFER, ~A T #1) 1T 1985 £ TIEZE < ORERES L — T IV E 5. 2 7223,
2013 FE DT/ NS Mo 72 (Fig. 2-13), RHAYIZ, 7'V (#6). U T (#10), A XF (#16)
DOFET, 1985 4= & iz LC 2013 RN Lz, fiREHIES Vv —7 (2% 5 2 5)

I SERAIERRE 7 v — 7 (B e 2T D) ISR D EHER i B R RRIC L o T, R

i

FHRE I N—T DL IFADKELEZ T T2, EEMIAIEIC LD, iZAEES L— 712
BDOFEE 2 7203 JERABERE 7 L — 711X 1985 4 & 2013 AE D 7 CIEDFEE 5.2 7=,

1985 4= D% X MEE TV SHOERETRED 25% %2 L, - JE IR b ERRA DR
BH 212, L L, BEPOMOLTFE~OADEEII NS, v~/ UL THEFRED

TY%ARTEDOIIEIZ L ¥ E o7~ (Tables 2-4, 2-9),

2-3-5 KRR N—T D%

X — A M—=UFEGHTICBIT DHERE 7 L — 7 DB TIX, 1985 4 & 2013 FO 7 — X XA T
X9 el AR LTz, Fig.2-14 ECTE < ORE 7 V— 713/ T b A7 RIS/ Lz, 1985 4
DETNLTIE, =4 #ID), 7 aX A (#13), AXFX (#16) OEREEZ V—71% (A) OIT
Y — (F—R b—2F) SN, Lo, 2013 FiZiEF—R b= RIS
TRSRE V—TIXHAE Lo 7o, F— A h—UFlT, A A< 2/ S L fthofEE 7 L —
TN T DO RE VAT, 1985 £ 2013 EOMOREREILELT, ~A4 T

#) . = H1D. FE #4) . A (#23) OHEREZ V—T O&P & & REE» WD
L. 7V #6), T~ A8 #15), MH #28), v/ V&M #29), x X v R (#30).,
NEF #31) ORI N—T DAL A~ AL RBRENEML -2 ERbT oD, BT
2 — (D) IZI, 1985 FFIZIL NE U ASEH #17) ORHJE LTS, 2013 FlcHh 7 = U — (D)
BT 2BERE 7 L — IR b o To, FAENHR RIEODIE & A E DfgRE 7 /v — 713 (E)

DHT Y — (FHE]) IZE LT,
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2-3-6 AERBRRICHT HREOEE

FEFINFIRIC 31T % %PPR DAL, 1985 4 (18.86%) D573 2013 4F (15.57%) £V
HEoTo, DED ., 1985 FDUEEY)IT 2013 FEOWRBEN L 0 b L0 < OFEEREAEFER -
TWeZ &M% (Table 2-16), 1985 FEDFERE 7 /L — 71 %PPR 1%, ~A U ¥ i b i
< (5.83%) . IRWTHH (4.00%) Tholz, LML, 2D 22D T7/V—TD%PPR I3 2013
FEIZIXRIBIZID Uiz, SHRIGIZ, 2013 4E121E 7D (4.12%) &9 T T (3.00%) D%PPR )3
RigIzHmn Lz,

ELIEDFRIECdh D Lindex fEIL. 1985 4F (0.059) D JiAs 2013 4 (0.028) LV b KX)o
7= Psust 1Z, 1985 4 (46.4%) & I#Z LT 2013 45 (72.1%) 3R L TE Y, HEOFHE

FREMENSE LT Z E R ENT,

2-3-7 BIELH)
LM (1970~1986 4F) O FEEmE /KB AIL—0.29°C, ®EH (1988~2015 4) @
PRI KRR 2215 +0.16°C Th Y | I /KIEIE 1964~2015 FOMIC EH L7 (Fig. 2-

3a),

2-4 B

2-4-1 BT NVIEE

ERERF v U — 7 ZUNI N 5 720121%, Ecopath T /L D/RT L AW LT
T AT B2, FEBHR RIS 31T 5 1985 A4 & 2013 4-0D 2 DD Ecopath E7 /L%, 40 O
BERE 7V — Kk DR ET — 2 LT —Z ISV THE I, 7V EET 5
ToDITIE, A LI RE OMRE 7 L — TR ORR, BERE 7 L — T Ol R L ERE, 7 b

U2 ZOFA LT, BEZ V—T DB AL D ANT AR LTI IR B0,
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P/Q OFEPHIL, 1985 4FTlX 0.11-0.30, 2013 4= Tl% 0.12-0.30 Toh o7, ZiLiX, Christensen
etal. (2005) (CX 2 ELEHETE L POEOFKHNTH D, MEDET V& IFE 2R3
% 7o DI ST 48 (B 20X, T COMRE V)V — 72kt % EE il A BFED P/O .,
TL 18) 1 I7FAREPANCTH > 7= (Christensenetal. 2008), L7=723> T, MWHEDET /LD H I
FEETE D LN,

% < OWREZ NV — 7 OB RIL, EIRFEARG RO A YA S HEE S L7, sER
Rk OFET BT P/B & O/B OfEIL, TN CRBEOMEZ W=, Zh b oEiEs
BRUGE SN DMERH D03, AL TR b BLER R E L L THM L7z, Ecopath E7 /L1
FVHEESNTERES LW EE OHTEREE L. AT —FORBELR%EEZ 5T
% (Essington2007), AMFFETIE, B —Lh b —/WZ X W EE L EALYEE S L—T D
ERBEOREIIE W EEZ SN D, BEREHCIT 2AEOFRIT, i) S SN 5
Fefh (BKil 2007) <CHEfIC X 27808 (Bl 2007 ; Terashima etal. 2020) ([ZHIKT 5 &5 %
HINTWD, ARIFZEIZIWT Ecopath T /ML D A ENZIZE A EDEI V—T D
EE X, BAROKEFERISIZIT HREOMRE 7 V— 7D EE fEEFRIL T eled, K
WFZE T U7 iR T — 2 OfF I S S 7z (Watariet al. 2019), F72. 4
RESRET /L & LCOD Ecopath 7 /WIZEIT 5 2 DO FERMES T, AJMEN L OEL T
TIVEN S DENEHOWRNTH D,

THRIZ &L D & AR RIS B W CIRERIC B B /2 28 HRE /L — T D O b | 14 HRE S
=T (#1, #2. #3. #4, #5, #6. #7. #8. #9, #10, #11, #17. #19, #20) %, ZEfil7e
SKWEDBINC Z DT R EFIH T D EHEE S V—T B 2 BT D, FUERFD I,
NS OEEMEMEE 7 LV — T OREIEHF O Z < —IT LW, 0RO —EIX
BAGHRERXE U TRE L, 2o OMEORLEREE X, WEEERSOHIT O 2 bIzm <
BIND, ZOREE, TR R~ OERERERE 7 L — 7 OB ABICEWEEBNAE L,

RS [FRRICEZ LICRE LB T D, Leh> T < OREERIEO T « 77 ) —FF
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iR 7 > 7 LArERHT 72, Tianetal.  (2012) (&, [ENEMEABITMEKIRICSUS L CREIEER
B aERET D Z & & L=, Ecopath ©F /VIZAHRES B HERE Td % Ecospace (322 [HRY « B
B~ ANT U AQENEEZBETHENTED, ZOKREZ W TERBEER & Bl
REZ N —7 DRIEREZ I 21— a 75281080, SHITHEDEWTHIN AHE

2725 b D EWIFESILD  (Pauly etal. 2000),

2-4-2 WEEAERRIHT

1985 72 5 2013 4 £ TO HEIFIR I 1T D i RO RE BT, ~A U ¥ OFIH
LY U T OHIMNTH D, FEHE I T 2 iR 5 28 BERE 7V — 7 & B AR Il &
I%. 1985 4ED 21.5 t/km?/year 7> 5 2013 4ED 4.0 t/hkm¥/year (2 £ THA Lz, Zhix, ~A U
T OWWN TR ER TH D (Table 2-9), £7o, BETTFATVL, ULAL T FJHE
W o T NIRRT 1985 2D 2013 T TR T2 H 7203, 7Y
RARXF LW o To KRB MEHRBIIIEM L=, Ecopath €7 VD7 7 7'y MI, 2O XD
IR DB L A SR L TV D

TLe & SOI'E, 1985 4E 5 2013 4EORIC, EH 24 3.06 725 3.20, 0.29 7> 5 0.36 (1
L7z (Table 2-17), 2B DZEALITEIZ, A U OEPEORIPE (1985 4, 2013 4 &
HIT TL=3.00) &, YU T (1985 4F TL=3.97, 2013 4 TL=3.49) °7 U (1985 4F TL=3.91,
2013 4= TL=3.49) O X 5 72 @B L~V OMREZ L — 7 OHINIC L 5 b D Th o7, L¥—
LY 7 NHEIR O SOI DAL, Tianetal. (2014) O%fEREFIRIC T D JATHFZEDOREH &
—HT %, FECFN RO EATRRE S 72 0 D 2013 FE ORI RIL, oV & R TH -
7o, 1985 D 553D 1 LLF T o7 (Table2-17), ZiUE, ~A UV BARESR & BWHEIC
B2ZDEENPRENLEZRL TS, REOABHEAETHLY T Z707 VI, BARMED
FAPE 2> DALHIC T TR 3 L TR Y | WAKIED EH2 26 OBFEOE PO

EOHELZE 2 T\ (AA S 2005 Tianet al. 2012; FHE S 2013), HEFIA R BV T
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. 1990 AR S HF I KR O BRI EIE B R 2 2N 5 RN 7L o 7z (Fig. 2-3a,
e. f. @, T2, MTIOFERIE, 1985005 2013 42T CTT Y, U7, AXFIT L
DA/ NUERRE 7 L — T DR ORENEM LI Z L 2R L TW5  (Fig. 2-13),

1985 =D F— A h— VST ClX, =4 #11), 7 XA (#13), AXF (#16) D 3
RRIN—TNF—A—f (W7 TV —A) L LTHhESh (Fig.2-14), ¥—A h—Vr
LT, NA AT ARDRWVCEEDL L TEYHEICEBWTEERREWHEE ER ST
% (Vallsetal.2015), L2>L., 2013 FIZiE, 7 B A & AXFONA A~ ZAREINL, HH
=) 7 (BT IV —E) BT, 70, 7THZA EPE - KA F~2D= )T

(7 TV —C) IIBITLIZzd, F—A M—VHRAREE o Tz, FRRRICBITHF—X
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TE BRI N T 2O L 7R JAE (Nédélec and Prado 1990; Kolding et al. 2016;
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=2V TRARAIRTHD,

13:5.0 135.5°E

Pacific Ocean

0 (km) 500
.

Fig. 2-1 Study area, the coastal area of Kyoto Prefecture, Japan. The model area was from the
coastal line to a bathymetry depth of 240 m, covering 2230 km?. The dashed line shows the border
of the model area. White circles show the locations of beam trawl sampling at depths of 5, 10, 30,
60, 100, 150, and 200 m
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Fig. 2-3 a Annual sea surface temperature (SST) anomaly in western part of the Sea of Japan from

1964 to 20

to 2015. The lines indicate moving average (period of 3). The three species (b anchovy, ¢ sardine,

and d mackerel) whose catches decreased the most and the three species (e Spanish mackerel, f

yellowtail,

[a]

- - -n I - — p
[mj = |
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Year
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_/\__/\/\

[e]Spanish mackerel

[f]Yellowtail
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ear

15. Total commercial catches (b ~ g) in the coastal area of Kyoto Prefecture from 1964

and g seabass) whose catches increased the most from 1985 to 2013 in the catch data

of Kyoto Prefecture
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the level of decline in respiration per biomass (R/B) with increasing trophic level (log scale) .
The trophic levels increase from left to right. This figure corresponds to diagnostic criteria 7 and

Fig. 2-7 Pre-balance diagnostics
of Kyoto Prefecture based on Link

8 in Table 2-13
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Figure 2-10 Total production and removal, scaled to the full ecosystem, comparing internal flows
in the 1985 and 2013 models for the coastal area of Kyoto Prefecture. The trophic level increases
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from left to right. This figure corresponds to diagnostic criteria 13—15 in Table 2-13
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Figure 2-11 Flows relative to external removal in the 1985 and 2013 models for the coastal area

of Kyoto Prefecture. The trophic level increases from left to right. This figure corresponds to

diagnostic criteria 16 and 17 in Table 2-13
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Fig. 2-12 Flow diagram of the coastal area of Kyoto Prefecture in 1985 and 2013. Circle sizes
indicate biomass (on a log scale) of functional groups. Widths of the lines show magnitudes
of flow between prey and predator functional groups. Numbers on the left side indicate the trophic
levels. Due to the limitations of the Ecopath software function, the relationship between biomass

and circle size differs between the two years
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Fig. 2-13 Matrix of total mixed trophic impact (MTI) in 1985 and 2013

show negative impacts and unfilled circles show positive impacts
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Fig. 2-14 &
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Fig. 2-14 Application of the classification tree according to Valls etal. (2015) to the coastal
area of Kyoto Prefecture food web in 1985 and 2013. The scatterplot of functional groups shows
the log-transformed biomass on the x-axis, and the log-transformed trophic impact  (in squared
values; ¢’; ) on the y-axis. Each point is a functional group in the model, identified with a group
number and a group name (indicated in the legend) . The five group categories are keystone
(category A) , high-impact and high-biomass (category B) , low-impact and low-biomass
(category D) , and intermediate (category E) .
Q1) (Q3) forboth

the logtransformed biomass and the log-transformed trophic impact

(category C) , low-impact and high-biomass

The five categories were defined by the first quartile and third quartile
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Table 2-1 The number of beam trawl tows at each sampling date and depth

2013 2014
Mar.22  Jun.28  Aug 12 Oct.30  Nov.29 Mar.24  Jun. 10  Sep. 11

5m 1 3 3 2 1 2 2 2
10 m — 2 2 — 2 2 2 2
30 m — 1 1 2 1 2 2 2
60 m — — — — — 2 — —
100 m — — — — — 2 — —
150 m — — — — — 2 — —
200 m — — — — — 2 — —

Table 2-2 Mean wet weight (t/km? /year) of functional group from benthic sampling and literature. Cez

is the catch efficiency of the beam trawl net for the functional groups

5m 10 m 30 m 60 m 100 m 150 m 200m  Cop (%)

Tongue soles 0.0236 0.0236 0.0157 0 0 0 0 30
Dragonets 0.0077 0.0055 0.0192 0 0 0 0 30
Gobbies 0 0.0001 0.0334 0.0021 0.0006 0 0 30
Shrimps 0.0287 0.0337 0.0888 0.0105 0.0091 0.0244 0.1721 30
Starfishes 0.0477 0.1188 0.004 0.0172 0.0236 0.0143 0.3599 100
Brittle stars 0 0 0.0002 0.0006 0.0006 3.6492  81.1458 100
Polychaetes 5 5 5 5 13.5 10.7 8.9 100
Hermit crabs 0.0448 0.0495 0.0217 0 0 0.0002 0.1026 100
Mysids 0.1359 0.1383 0 0 0 0 0 100
area size (kmz) 60 60 100 300 300 250 153
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Table 2-3 Functional group and representative species

#  Functional group

Representative taxa

1 Sardine
2 Round herring
3 Anchovy
4 Mackerel
5 Jack mackerel
6 Amberjack
7 Frigate tuna
8 Tuna
9 Sailfish
10 Spanish mackerel
11 Stingray
12 Flounder
13 Black porgy
14 Red seabream
15 Tilefish
16 Seabass
17 Flying fish
18 Rockfish
19 Barracuda
20 Flying squid
21 Other squids
22 Octopus
23 Ivory shell
24 Sea cucumber
25 Other conch
26 Crab
27 Prawn
28 Bivalve
29 Sole
30 Dragonet
31 Goby
32 Shrimp

33 Starfish

34 Brittle star

35 Polychaeta

36 Hermit crab
37 Mysid

38 Zooplankton
39 Phytoplankton
40 Detritus

Sardinops melanostictus

Etrumeus micropus

Engraulis japonicus

Scomber japonicus, Scomber austlasicus

Trachurus japonicus

Seriola quinqueradiata

Auxis rochei, Auxis thazard

Thunnus thynnus

Istiophorus platypterus, Makaira mazara

Scomberomorus niphonius

Dasyatis akajei, Rhinobatos schlegelii, Raja kenojei

Paralichthys olivaceus

Acanthopagrus schlegelii

Pagrus major, Evynnis tumifrons, Dentex hypselosomus
Branchiostegus japonicus, Branchiostegus albus, Branchiostegus auratus
Lateolabrax japonicus

Cypselurus doederleini, Cypselurus hiraii

Sebastes inermis, Sebastes ventricosus, Sebastes cheni

Sphyraena japonica, Sphyraena pinguis

Todarodes pacificus

Thysanoteuthis rhombus, Sepioteuthis lessoniana, Uroteuthis edulis
Octopus vulgaris

Babylonia japonica

Apostichopus armata, Apostichopus japonicus

Buccinum striatissimum, Buccinum tsubai

Portunus trituberculatus, Portunus pelagicus

Metapenaeus ensis

Crassostrea gigas, Crossostrea nippona

Paraplagusia japonica, Heteromycteris japonica, Cynoglossus interruptus

Repomucenus valenciennei, Repomucenus richardsonii

Amblychaeturichthys sciistius, Acentrogobius pflaumii, Acentrogobius virgatulus

Crangon affinis, Metapenaeopsis barbata, Trachysalambria curvirostris,
Parapenaeopsis tenella, Metapenaeopsis acclivis

Astropecten latespinosus, Astropecten scoparius, Ctenodiscus crispatus, Luidia

quinaria, Asterias amurensis
Ophiura sarsii

29 species from Yokoyama and Hayashi (1980a)
Pagurus filholi, Pagurus rubrior,

Orientomysis japonica, Neomysis Awatschensis
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Table 2-4 Basic output estimates of 40 functional groups in the coastal area of Kyoto Prefecture in

1985 and 2013. Input values are shown in bold text and estimated values by Ecopath in plain text

1985
Functional group TL B P/B O/B P/O EE

1 Sardine 3.00 114.92 0. 69 5.8 0.12 0.51

2 Round herring 3.00 0.24 3.6 12.75 0.28 0.77

3 Anchovy 3.00 4. 36 2.96 11.39 0.26 0. 46

4 Mackerel 3. 50 4. 27 0.66 6. 14 0.11 0.78

5 Jack mackerel 3.09 1. 45 1.52 5.97 0. 25 0. 56

6 Yellowtail 3.91 0. 68 0.93 4. 87 0.19 0. 60

7 Frigate tuna 4.01 0. 34 1.08 5.61 0.19 0. 50

8 Tuna 4. 07 0.13 1.08 8.79 0.12 0. 46

9 Sailfish 4. 08 0.03 1.08 8. 44 0.13 0. 46
10 Spanish mackerel 3.97 0. 09 0.93 6. 22 0.15 0. 45
11 Stingray 2. 89 0. 02 0.39 5.01 0.08 0.63
12 Flounder 3. 49 0.07 0.56 2. 26 0.25 0.70
13 Black porgy 3.29 0.01 0.7 3.55 0. 20 0. 50
14 Red seabream 3.52 0. 05 0.41 2. 38 0.17 0. 86
15 Tilefish 3.37 0.003 0.7 3.88 0.18 0. 50
16 Seabass 3. 37 0. 02 0.7 4.43 0.16 0. 64
17 Flying fish 3.00 1. 63 0. 69 4. 49 0.15 0. 45
18 Rockfish 3.51 0. 06 0.7 3.81 0.18 0.53
19 Barracuda 3. 568 1.18 0.69 4. 49 0.15 0. 80
20 Flying squid 3.59 0.04 4 25 0.16 0. 30
21 Other squids 3. 23 0. 67 4 25 0.16 0.41
22 Octopus 3. 47 0.11 4 25 0.16 0. 46
23 Ivory shell 2. 16 0. 02 1.5 5 0. 30 0. 00
24 Sea cucumber 2.00 0. 35 0. 64 2.13 0. 30 0. 38
25 Other conch 2.00 0. 06 1.5 5 0. 30 0. 68
26 Crab 2. 30 0. 20 3 10 0. 30 0.12
27 Prawn 2.20 0. 07 3 10 0.30 0. 28
28 Bivalve 2.00 0. 05 5 16. 67 0.30 0.70
29 Dragonet 2.72 0.0004 2.96 14.73 0. 20 0.16
30 Tongue sole 2.71  0.001 2.96 14. 08 0.21 0.01
31 Goby 2.55 0.001 3.5  24.46 0.14 0.01
32 Shrimp 2.20 0. 08 3 10 0. 30 0.51
33 Starfish 2. 17 0.14 0.17 0. 57 0. 30 0. 02
34 Brittle star 2.00 29.99 0.2 0. 67 0. 30 0. 00
35 Polychaeta 2. 00 9.53 1 3.33 0.30 0.12
36 Hermit crab 2. 60 0.04 3 10 0.30 0. 02
37 Mysid 2. 10 0.01 45 150 0.30 0. 10
38 Zooplankton 2.00 15.00 46.21 154.03 0. 30 0. 86
39 Phytoplankton 1. 00 64.83  64.21 0. 50
40 Detritus 1.00  43.00 0. 10
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Table 2-4 #&=

2013
Functional group TL B P/B Q/B P/O EE

1 Sardine 3.00 0.85 0. 69 5.8 0.12 0. 86

2 Round herring 3.00 0.004 3.6 12.75 0. 28 0. 85

3 Anchovy 3.00 1.95 2.96 11.39 0.26 0.83

4 Mackerel 3.20 0.13 1. 08 6. 14 0.18 0.82

5 Jack mackerel 3. 17 0. 82 2 5.97 0. 34 0. 87

6 Yellowtail 3.76 1.41 0.93 4. 87 0.19 0. 42

7 Frigate tuna 3.75 0.15 1. 08 5.61 0.19 0.33

8 Tuna 4. 08 0. 08 1. 08 8.79 0.12 0.27

9 Sailfish 4. 07 0.03 1. 08 8.44 0.13 0. 27
10 Spanish mackerel 3.49 1.99 0.93 6. 22 0.15 0.84
11 Stingray 3.01 0.00002 0. 39 5.01 0.08 0.63
12 Flounder 3. 34 0.04 0. 56 2.26 0.25 0.76
13 Black porgy 3. 20 0.03 0.7 3.565 0.20 0. 47
14 Red seabream 3. 27 0.10 0.41 2.38 0.17 0.81
15 Tilefish 3.03 0.03 0.7 3. 88 0.18 0. 47
16 Seabass 3.27 0.14 0.7 4.43 0.16 0. 68
17 Flying fish 3.00 0.25 0.69 4. 49 0.15 0. 57
18 Rockfish 3.09 0.05 0.7 3.81 0. 18 0. 69
19 Barracuda 3.11 0.49 0. 69 4. 49 0.15 0.69
20 Flying squid 3.10 0.51 4 25 0.16 0. 57
21 Other squids 3.04 1.73 4 25 0.16 0. 27
22 Octopus 2.43 0. 26 4 25 0.16 0. 04
23 Ivory shell 2.22 0.00002 1.5 5 0.3 0. 16
24 Sea cucumber 2.00 0.20 0. 64 2.13 0.3 0. 38
25 Other conch 2.00 0.10 1.5 5 0.3 0. 68
26 Crab 2.30 0.01 3 10 0.3 0. 68
27 Prawn 2.40 0.02 3 10 0.3 0. 63
28 Bivalve 2.20 0.42 3 10 0.3 0. 64
29 Dragonet 2. 81 0.01 2.96 14.73 0.20 0.14
30 Tongue sole 2.71 0.02 2.96 14. 08 0.21 0. 00
31 Goby 2.92 0.01 2.96  24.46 0.12 0. 18
32 Shrimp 2.20 0.14 3 10 0.3 0.71
33 Starfish 2.24 0.07 0.17 0. 57 0.3 0.10
34 Brittle star 2.00 10.90 0.2 0.67 0.3 0.01
35 Polychaeta 2.00 8.74 1 3.33 0.3 0.10
36 Hermit crab 2. 60 0. 02 3 10 0.3 0.15
37 Mysid 2.10 0.01 45 150 0.3 0. 44
38 Zooplankton 2.00 5.82 46.21 154 0.3 0.24
39 Phytoplankton 1. 00 28.06  64.21 0.50
40 Detritus 1.00  43.00 0.03

TL trophic level, B biomass (t’km?), P/B production/biomass (/year), O/B consumption/biomass (/year), EE

ecotrophic efficiency.
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Table 2-5 Biomass data sources for each functional group in the 1985 and the 2013 models for the

coastal area of Kyoto Prefecture
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Table 2-6 Data sources for other parameters of each functional group in both the 1985 and the 2013
models for the coastal area of Kyoto Prefecture. The numbers indicate the reference used. 1: FishBase

(https://www.fishbase.de); Yamada et al. (2007). 2: SeaLifeBase (https://www.sealifebase.ca/); Brey

(2001). 3: Watari (2015). 4: Allen (1971); Pauly (1980). 5: Vignot (2007). Empty cells indicate that

values were calculated by Ecopath

Group name P/B O/B EE P/Q
1 Sardine
2 Round herring
3 Anchovy
4 Mackerel
5 Jack mackerel
6 Yellowtail
7 Frigate tuna
8 Tuna
9 Sailfish
10 Spanish mackerel
11 Stingray
12 Flounder
13 Black porgy
14 Red seabream
15 Tilefish
16 Seabass
17 Flying fish
18 Rockfish
19 Barracuda
20 Flying Squid
21 Cuttlefish
22 Octopus
23 Ivory shell
24 Sea cucumber
25 Other conch
26 Crab
27 Prawn
28 Bivalve
29 Dragonet
30 Tongue sole
31 Goby
32 Shrimp
33 Starfish
34 Brittle star
35 Polychaeta
36 Hermit crab
37 Mysid
38 Zooplankton
39 Phytoplankton
40 Detritus

—_—

[N NS T ST N Y NS T N Y S G G G G G GG U G G U I U

w

W W NN NN NN W W WM DNDN WWLWWWWWW LW W LW WWWWWWWWWWWWWW
W W W W W W Ww

P/B production/biomass (/year), O/B consumption/biomass (/year), EE ecotrophic efficiency, P/QO

production/consumption.
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Table 2-7 References of diet composition for functional groups

Functional group

Reference

1 Sardine
2 Round herring
3 Anchovy
4 Mackerel
5 Jack mackerel
6 Yellowtail
7 Skipjack tuna
8 Tuna
9 Sailfish
10 Spanish mackerel
11 Stingray
12 Flounder
13 Black porgy
14 Red seabream
15 Tilefish
16 Seabass
17 Flying fish
18 Rockfish
19 Barracuda
20 Flying squid

21 Other squids

22 Octopus

23 Ivory shell
24 Sea cucumber
25 Other conch
26 Crab

27 Prawn

28 Bivalve

29 Tongue sole
30 Dragonet

31 Goby

32 Shrimp

33 Starfish

34 Brittle star

35 Polychaeta

36 Hermit crab
37 Mysid

Baba et al. (2018)
Baba et al. (2018)
Baba et al. (2018)
Takahashi (1966); Moriwaki and Miyabe (2012)
Kawano (2007)
Mitani (1958)
lizuka et al. (1989)
Shimose et al. (2013)
Shimose et al. (2006)
Kawano (2017)
Taniuchi and Shimizu (1993)
Takeno (2010)
Yamada et al. (2007)
Yamada et al. (2007)
Kiyono and Hayashi (1977)
Hayashi and Kiyono (1978); Fuji et al. (2010)
Kawano ( 1988, 2004)
Akeda et al. (2012)
Yamada et al. (2007)
Okiyama (1965)
Moriwaki (1994); Nigmatullin and Arkhipkin (1998);
Tega et al. (2016)
Vaz-Pires et al. (2004)
Kajikawa (1976)
Kitano et al. (2003)
Shiomi et al. (1984)
Matsui et al. (1986)
Ariyama (1997)
Hayakawa, Y et al. (2012)
Yamada et al. (2007)
Kakuda et al. (1979)
Matsui et al. (2014)
Ohetal. (2001)
Kurihara (1996)
Fujita (2018)

Fauchald and Jumars (1979); Yokoyama and Hayashi (1980);
Hayashi (1983a) ; Hayashi (1983b)
Ramsay et al. (1996)

Antonio et al. (2010)
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Table 2-8 Diet composition (DC) and import ratio of functional groups in 1985 (top) and 2013 (bottom)

Prey \ predator

1 5 6 7 8 9 10 i1 12131415 16

7

8

9 2021 22

1 Sardine
2 Round herring
3 Anchowy

4 Mackerel

5 Jack mackerel
6 Yellowtail

7 Frigate tuna

10 Spanish mackerel
11 Stingray

14 Red seabream

15 Tilefish

16 Seabass

17 Fiying fish

18 Rockfish

19 Barracuda

20 Flying Squid

21 Cuttlefish

22 Octopus

23 vory shell

24 Sea cucumber

25 Other conch

26 Crab

27 Prawn

28 Bivalve

29 Dragonet

30 Tongue sole

31 Goby

32 shrimp

33 Starfish

34 Brittle star

35 Polychaeta

36 Hermit crab

37 Mysid

38 Zooplankton

39 Phytoplankton

40 Detritus
Import

0.3 0.7 0.45 0.016 0.6 0.1 0.2 0.33 0.3
0.02 0.01
0.01 0.05 0.1 0.05 0.05 0.1 0.1
0.001
0.003

0.1 0.05 0.01 0.05
0.001
0.05

0.05

0.05

0.003 0.1 0.04
0.05 0.05

0.01 0.01

0.003

0.001

0.01 0.01
0.1 0.1 0.1
0.01 0.01

0.05 0
0.05 0.15
0.07 0
0.01

0.001
0.05
0.001

0.0001

0.05 0.01 0.05

0.01
0. 409 0.3
0.01
0.1 0.1
0.087 0.011
0.174
0.1 0.29 0.08 0.22 0.168

0.45

0.01
0.14

0.5 0.5 0.4

0.0001 | 0.001

0.1 0.1 0.1
0.144 0.05
0.01 0.033

0.109

0.001
0.14

0.001 0.01

0.05

0.01 0.005 0.01

0.236 0.4 0.23

0.01
0.05

0.85 1 1

0.2
0.1

0.3

0.45

Sum

0.45
1

Prey \ predator

8 o 01 12 131415 617

1920 21 22

1 sardine
2 Round herring
3 Anchovy

4 Mackerel

5 Jack mackerel
6 Yellowtail

7 Frigate tuna
8Tuna

9 sailfish
10 Spanish mackerel
11 stingray
12 Flounder
13 Black porgy
14 Red seabream
15 Tilefish

16 Seabass

17 Flying fish

18 Rockfish

19 Barracuda

20 Flying squid
21 Other squids
22 Octopus

23 ory shell

24 Sea cucumber
25 Other conch
26 Crab

27 Prawn

28 Bivalve

29 Dragonet

30 Tongue sole
31 Goby

32 shrimp

33 starfish

34 Brittle star
35 Polychaeta
36 Hermit crab
37 Mysid

38 Zooplankton
39 Phytoplankton
40 Detritus

Import

7
0.01 0.01 0.011 0.01
0.0005
0.1
0.001
0.05

0.1 0.16
0.001

0.01

0.1
0.001
0.01

0.102 0.11 0.1
0.001

0.01

0.01 0.250.005
0.005.
0.05

0.01

0.001

0.051 0.001
0.03 0.05
0.001 0. 001
1 0.204 0.01 0.01
5 0.005
0 0.0001
5 0.01
1 0.002

0.01 0.1

0.01

0.14

0.1
0.409 0.35 0.3 0.3 0.3
0.01 0.01 0.0 0.01
01 0.128 0.1 0.1 0.1
0.2330.0160.196  0.10.1990.328 0.331 1

0.3

0.6 0.60.475 0.5 0.176 0.12 0.034 0.038

0.2

0.0001

0.1 0.05 0.001 0.001
0.001

0.01

0.0001 0.0001
0.001

0.01

0.011

0.0005
0.1

0.005 0.005

0.669 0.287

0.596.
0.302
1

0.001

0.1

0.0005 0.0005

0.1

0.79 1 1

Sum

0.4 0.4 0.41 0.4 0.509 0.560.5450.631 0.545
T 1 1 T 11 1
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Table 2-9 Catch (t/km?/year) and fishing gear for each functional group in 1985 and 2013

1985
Group name set net P l.lr.se trawl net  gill net dredge bait others Total
seining net

1 Sardine 7.718 8.046  0.00002  0.0001 0.0001 0.000002  15.764

2 Round herring 0.096 0.019 0.00001 0.00001 0.115

3 Anchovy 1.963 0.00001 1.963

4 Mackerel 0.148 1.069 0.00003  0.0002 0.0002  0.00001 1.217

5 Jack mackerel 0.343 0.094 0.003 0.001 0.001 0.000004 0.44

6 Yellowtail 0.163 0.078 0 0.022 0.022  0.00001 0.286

7 Frigate tuna 0.169  0.0001 0.000002  0.0001 0.0001 0.000001 0.169

8 Tuna 0.065 0.000001 0.000001 0.065

9 Sailfish 0.013 0.013
10 Spanish mackerel 0.026 0.006 0.006 0.038
11 Stingray 0.003 0.001  0.0002 0.0002 0.004
12 Flounder 0.01 0.000003  0.0001 0.008 0.008 0.00004 0.026
13 Black porgy 0.003  0.00001 0.001  0.0002 0.0002  0.00001 0.004
14 Red seabream 0.01  0.00003 0.005 0.001 0.001  0.00005 0.017
15 Tilefish 0.0001 0.0003  0.0004 0.0004 0.00001 0.001
16 Seabass 0.004 0.00001 0.002 0.002  0.00003 0.007
17 Flying fish 0.485 0.00002 0.004 0.004 0.002 0.495
18 Rockfish 0.002 0.000001 0.007 0.006 0.000001 0.006 0.002 0.022
19 Barracuda 0.346  0.0002 0.001 0.006 0.006 0.000001 0.358
20 Flying squid 0.012 0.001 0.001  0.0001 0.0001 0.014
21 Other squids 0.196  0.0001 0.023 0.004 0.000001 0.004  0.0001 0.228
22 Octopus 0.004 0.018 0.002  0.0002 0.002 0.012 0.039
23 Ivory shell
24 Sea cucumber 0.0003 0.041 0.041 0.004 0.087
25 Other conch 0.00003 0.005 0.005 0.004 0.014
26 Crab 0.0002 0.038 0.005  0.00002 0.005  0.0001 0.049
27 Prawn 0.001 0.009 0.003 0.000002 0.003  0.00003 0.016
28 Bivalve 0.006 0.006 0.011

Sum  11.778 9.307 0.107 0.076 0.047 0.123 0.024  21.461
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Table 2-10 ft X

2013
Group name set net trawl net gill net dredge net angling other Total

1 Sardine 0.28 0.006 0.286

2 Round herring 0.002 0.002

3 Anchovy 1.015 0.001 1.016

4 Mackerel 0.054 0.0003 0.0001 0.055

5 Jack mackerel 0.316 0.00001 0.001 0.002 0.0001 0.32

6 Yellowtail 0.477 0.048 0.021 0.546

7 Frigate tuna 0.043 0 0.043

8 Tuna 0.022 0 0.022

9 Sailfish 0.008 0.008

10 Spanish mackerel 0.75 0.002 0.015 0.767
11 Stingray 0.000003 0.000002 0
12 Flounder 0.012 0.001 0.002 0.0002 0.0002 0.015
13 Black porgy 0.007 0.002 0 0.002 0.011
14 Red seabream 0.016 0.005 0.001 0.01 0.001 0.032
15 Tilefish 0.00002 0.0001 0.001 0.009 0.0004 0.011
16 Seabass 0.049 0.001 0.002 0.001 0.0002 0.054
17 Flying fish 0.097 0.0004 0.001 0.098
18 Rockfish 0.004 0.001 0.006 0.007 0.002 0.019
19 Barracuda 0.191 0.0001 0.0001 0.001 0.00001 0.192
20 Flying squid 0.021 0.001  0.000002 0.003 0.04 0.064
21 Other squids 0.163 0.002 0.005 0.048 0.001 0.22
22 Octopus 0.005 0.005 0.0001 0.023 0.033
23 Ivory shell 0.00001 0
24 Sea cucumber 0.002 0.037 0.011 0.05
25 Other conch 0.023 0.002 0.025
26 Crab 0.00003 0.002 0.00001 0.00003 0.002
27 Prawn 0.001 0.003 0.0001 0.0001 0.004
28 Bivalve 0.104 0.104
Sum 3.533 0.021 0.096 0.037 0.119 0.193 3.999
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Table 2-11 Several values for each functional group for calculating O/B. Winf (g) is the asymptotic
weight and A4 indicates the aspect ratio of the caudal fin. The types of food consumed was categorized,
i.e., h for herbivores (H) (2 =1 and d = 0); d for detritivores (D) (2 = 0 and d = 1); and carnivores (C)
are identified by default (2 = 0 and d = 0) (Palomares 1991)

Winf(g) temperature (T °C) A food type h d O/B

1 Sardine 343 12 25 C 0 0 5.80
2 Round herring 245 20 4 C 0 0 12.75
3 Anchovy 45 15 3 C 0 O 11.39
4 Mackerel 990 17 2.5 C 0 0 6.14
5 Jack mackerel 2480 20 2.5 C 0 O 5.97
6 Yellowtail 40000 15 5.8 C 0 0 4.87
7 Skipjack tuna 20000 15 5.8 C 0 O 5.61
8 Tuna 348000 20 9.8 C 0 0 8.79
9 Sailfish 425000 20 9.8 C 0 0 8.44
10 Spanish mackerel 12000 15 5.8 C 0 0 6.22
11 Stingray 26000 15 0.7 D 0 1 5.01
12 Flounder 14500 15 0.7 C 0 0 2.26
13 Black porgy 1580 15 0.7 C 0 0 3.55
14 Red seabream 11300 15 0.7 C 0 O 2.38
15 Tilefish 2250 18 0.7 C 0 0 3.88
16 Seabass 2878 15 25 C 0 0 4.43
17 Flying fish 500 15 0.7 C 0 0 4.49
18 Rockfish 1120 15 07 C 0 0 3.81
19 Barracuda 500 15 0.7 C 0 O 4.49
29 Dragonet 120 15 0.6 D 0 1 14.73
30 Tongue sole 150 15 0.6 D 0 1 14.08
31 Goby 10 15 0.6 D 0 1 24.46
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Table 2-12 Data quality ratings (“pedigree”) for the coastal area of Kyoto Prefecture models
parameters in both 1985 and 2013. Ratings scale from 1 (highest data quality) to 8 (lowest data quality).
See Table 2-13 for a detailed explanation of the ratings (source: Aydin et al. 2007, Table C-27)

)
Q

Functional group P/B O/B

1 Sardine
2 Round herring
3 Anchovy
4 Mackerel
5 Jack mackerel
6 Yellowtail
7 Frigate tuna
8 Tuna
9 Sailfish
10 Spanish mackerel
11 Stingray
12 Flounder
13 Black porgy
14 Red seabream
15 Tilefish
16 Seabass
17 Flying fish
18 Rockfish
19 Barracuda
20 Flying squid
21 Other squids
22 Octopus
23 Ivory shell
24 Sea cucumber
25 Other conch
26 Crab
27 Prawn
28 Bivalve
29 Dragonet
30 Tongue sole
31 Goby
32 Shrimp
33 Starfish
34 Brittle star
35 Polychaeta
36 Hermit crab
37 Mysid
38 Zooplankton
39 Phytoplankton
40 Detritus

DO R N RN RN NN NN NN NN NDNDNDNDDNDNDDNDNDDNIN

DO 00 N M) N DD DD DD MM MR WL W W W W W W W W WIWIWWWWWWWWWWWWwl e
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o <o clie oo <o lie <o <lie) Wie)Nie) Wie e Jile <l <lile SRe <JREN EEN B i °2Nie e Nie) o) Bleo i) Bileo)Rle) Bie) Bile) lie) Bleo)Rie) Ble)Rle) lile ) Rle) Nie))
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Table 2-13 Detailed explanation of the ratings for pedigrees (source: Aydin et al. 2007, Table 6)

Rating Parameter of general data

Data is established and substantial, includes more than one independent method (from which best

: method is selected) with resolution on multiple spatial scales
Data is direct estimate but with limited coverage/corroboration, or established regional estimate is
? available while subregional resolution is poor
3 Data is proxy, proxy may have known but consistent bias
4 Direct estimate or proxy with high variation/limited confidence or incomplete coverage
Parameter of biomass and catch
5 Estimate requires inclusion of highly uncertain scaling factors or extrapolation
6 Historical and/or single study only, not overlapping in area or time
7 Requires selection between multiple incomplete sources with wide range
8 No estimate available (estimated by Ecopath)
Parameter of P/B, O/B, and diet composition
5 Estimation based on same species but in “historical” period, or a general model specific to the area
For P/B or Q/B, general life-history proxies; For diets, same species in neighboring region, or similar
° species in same region
7 General literature review from wide range of species, or outside of region
8 Functional group represents multiple species with diverse life history traits
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Table 2-14 Summary of the pre-balance diagnostics (PREBAL) in both 1985 model and 2013 model

for the coastal area of Kyoto Prefecture (source: Link 2010, Table 1-5)

. N Figure Diagnostics
Diagnostic criterion
& or 1985 2013
table Good  Acceptable Caution Good  Acceptable Caution
Class of diagnostic: Biomasses across taxa/TLs
1 Biomass should span 5—7 orders of magnitude v v
2 Slope (on log scale) should be ~5-10% decline Figure 2-4 v v
3 Taxa notably above or below slope-line may need more attention v v
Class of diagnostic: Biomass ratios
Compared across taxa, predators biomass should be less than that of (1
relative to) their prey
Number of zeroes indicates potential trophic difference between predators Table 2-14
and prey
Compared across taxa, ratios indicate major pathways of trophic flows (e.g.
benthic vs pelagic)
Class of diagnostic: Vital rates across taxa/TLs
7 Normal biomass decomposition of O, P and R F12gu6r622-75, v v
Class of diagnostic: Vital rate ratios
Co@ared ac.ross taxa, predators' O/B, P/B and R/B should be less than 1 Table 2-15 v v
relative to their prey
Number of zeroes indicates potential trophic difference between predators
10 v v
and prey
11 P and B relative to PP approximate TL Figure 2-8 v v
12 Compared across vital rates; P/Q's or P/Rs near 1 merit reevaluating Figure 2-9 v v
Class of diagnostic: Total production and removals
Total, scaled values of P, Q and R should again follow a decomposition with
increasing 7L R v v
. . Figure 2-10
14 Consumption of a taxa should be less than production by that taxa v v
15 Consumption by a taxa should be more than production by that taxa v v
16 Total human removals should be less than total production of a taxa Fi 211 v 4
17 Total human removals should be compared to consumption of a taxa 1gure 2= v v

B: Biomass, Q: Consumption, P: Production, PP: Primary production, R: Respiration, 7L: Trophic level
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Table 2-15 Biomass ratios corresponding to diagnostic criteria 4—6 in Table 2-14. TL: trophic level.

Top predators include sailfish, Spanish mackerel, and tuna. Small pelagic fishes include anchovy,

round herring, and sardine. Demersal fishes include dragonet, flounder, goby, rockfish, stingray, and

tongue sole. Benthos include bivalve, brittle star, crab, hermit crab, ivory shell, mysid, octopus, other

conch, other squid, polychaeta, prawn, sea cucumber, shrimp, and star fish. The same categories were

used for table 2-16

1985
Predator / Prey Biomass ratio
Top predators / Small pelagic fishes 0.002
Top predators / Zooplankton 0.016
Small pelagic fishes / Zooplankton 7.968
Zooplankton / Phytoplankton 0.231
Small pelagic fishes / Phytoplankton 1.844
Demersal fishes / Benthos 0.004
Small pelagic fishes / all fishes 0.923
Demersal fishes / all fishes 0.001
Top predators / all fishes 0.002
Top predators / Demersal fishes 1.667
Benthos / Zooplankton 2.755
TLA / <TL3 0.002

2013
Predator / Prey Biomass ratio

Top predators / Small pelagic fishes
Top predators / Zooplankton

Small pelagic fishes / Zooplankton
Zooplankton / Phytoplankton

Small pelagic fishes / Phytoplankton
Demersal fishes / Benthos

Small pelagic fishes / all fishes
Demersal fishes / all fishes

Top predators / all fishes

Top predators / Demersal fishes
Benthos / Zooplankton

TL4/<TL3

0.744
0.359
0.483
0.207
0.100
0.006
0.328
0.015
0.244
16.629
3.887
0.038
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Table 2-16 Vital rate ratios corresponding to diagnostic criteria 9 and 10 in Table 2-14

1985
Predator / Prey Production ratio Consumption ratio Respiration ratio
Top predators / Small pelagic fishes 0.003 0.003 0.003
Top predators / Zooplankton 0.0004 0.001 0.001
Small pelagic fishes / Zooplankton 0.134 0.311 0.418
Zooplankton / Phytoplankton 0.167
Small pelagic fishes / Phytoplankton 0.022
Demersal fishes / Benthos 0.004 0.006 0.007
Small pelagic fishes / all fishes 0918 0.928 0.927
Demersal fishes / all fishes 0.001 0.001 0.001
Top predators / all fishes 0.002 0.002 0.002
Top predators / Demersal fishes 2.734 3.822 4.146
Benthos / Zooplankton 0.030 0.034 0.036
TL4 /<TL3 0.0001 0.001 0.001
2013
Predator / Prey Production ratio Consumption ratio Respiration ratio
Top predators / Small pelagic fishes 0.307 0.487 0.561
Top predators / Zooplankton 0.003 0.006 0.007
Small pelagic fishes / Zooplankton 0.009 0.012 0.013
Zooplankton / Phytoplankton 0.167
Small pelagic fishes / Phytoplankton 0.002
Demersal fishes / Benthos 0.008 0.010 0.011
Small pelagic fishes / all fishes 0.512 0.460 0.436
Demersal fishes / all fishes 0.014 0.016 0.017
Top predators / all fishes 0.157 0.224 0.245
Top predators / Demersal fishes 11.505 14.074 14.824
Benthos / Zooplankton 0.031 0.041 0.047
TL4 /<TL3 0.001 0.014 0.018
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Table 2-16 Comparison of values of %PPR and catch between 1985 model and 2013 model in the
coastal area of Kyoto Prefecture for each fisheries functional group. Di is difference of %PPR between

1985 and 2013

PPR/TotPP (%) Di Catch(t/km’/year) ~ Omnivory Index
Group name 1985 2013 ((21091;5))- 1985 2013 1985 2013
1 Sardine 5.826 0.631 -5.195  15.76 0.29 0.13 0.38
2 Round herring 0.018 0.002 -0.016 0.11 0.002 0.13 0.38
3 Anchovy 0.332 1.026 0.694 1.96 1.02  0.13 0.38
4 Mackerel 4.003 0.113 -3.890 1.22 0.05 0.58 0.57
5 Jack mackerel 0.080 0.325 0.245 0.44 0.32 053 0.53
6 Yellowtail 1.025 4.124 3.099 0.31 0.55 0.16 1.14
7 Frigate tuna 0.603 0.369 -0.234 0.17 0.04 054 1.14
8 Tuna 0.495 0.435 -0.060 0.06 0.02 0.10 1.34
9 Sailfish 0.111 0.108 -0.003 0.01 0.01 0.41 1.46
10 Spanish mackerel 0.477 3.835 3.358 0.04 0.77 037 0.96
11 Stingray 0.081 0.000 -0.081 0.004 0.000005 0.53 0.38
12 Flounder 0.058 0.059 0.001 0.03 0.02 059 022
13 Black porgy 0.168 0.134 -0.034  0.004 0.011 0.33 0.10
14 Red seabream 0.210 0.360 0.150 0.02 0.03 024 0.16
15 Tilefish 0.032 0.180 0.148  0.002 0.01 045 0.22
16 Seabass 0.045 0.755 0.710 0.01 0.05 047 0.19
17 Flying fish 0.177 0.279 0.102 0.50 0.10 0 0
18 Rockfish 0.236 0.158 -0.078 0.03 0.02 0.68 048
19 Barracuda 3.814 1.949 -1.865 0.36 0.19 0.68 0.52
20 Flying squid 0.090 0.150 0.060 0.01 0.06 0.82 048
21 Other squids 0.827 0.485 -0.342 0.23 0.22 1.02  0.29
22 Octopus 0.117 0.044 -0.073 0.04 0.03 071 0.27
23 Ivory shell 0 0.000002 0.000002 0 0.00001 0.13  0.20
24 Sea cucumber 0.004 0.005 0.001 0.12 0.05 0 0
25 Other conch 0.001 0.003 0.002 0.01 0.02 0 0
26 Crab 0.021 0.002 -0.019 0.05 0.002 021 0.21
27 Prawn 0.005 0.004 -0.001 0.02 0.004 0.16 0.24
28 Bivalve 0.001 0.039 0.039 0.02 0.10 0 0.16
Total " 18.86.  15.57 21.47°  4.00
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Table 2-17 Ecosystem details of models in the world. Year, size (km?), number of functional groups,

depth (m), Koppen climate classification, mean trophic level of the catch, total catch (t/km? year),

system omnivory index (SOI), and references of models are shown. Empty cells represent missing data

Size Number of Képpen Mean
Country Model systems Model year 2 functional Depth (m) climate trophic level Sor Reference
(km’) groups classification of the catch

Japan 1985 2230 40 0-240 Cfa 3.06 0.29 .

Tango Bay 2013 2230 40  0-240 Cfa 320 036 this study

Seto Inland Sea 2001-2005 3100 19 0-60 Cfa 3.22 0.12 E (2015)

Northeastern Japan 1997-2009 14344 46 100-1000 Cfa 3.25 - KIES (2016)

North Pacific 2013 913102 41 0-1000 Cfa 3.20 0.10 Watari et al.(2019) *
China East China Sea 2000 570000 21 0-200 Cfa 3.32 - Cheng et al. (2009)
Greek Ionian Sea 1964 1021 19 0-200 Cs 3.10 0.10 Piroddi et al. (2010)
Tunisia  Gulf of Gabes 2000's 35900 41 20-200 Cfb 344 - Hattab et al. (2013)
Spain Catalan deep open slope 2009 850 20 1000-1400 Cs - 0.29 Tecchio et al. (2013)

Cantabrian Sea 1994 16000 28 0-100 Cfb 3.66 0.27 Sénchez and Olaso (2004)
France  French Continental Shelf 1994 102585 32 0-200 Cfb - 0.21 Lassalle et al. (2012)

North Sea 1991 570000 68 0-400 Cfb 3.60 0.23 Mackinson and Daskalov (2007)

Central Baltic Sea 1974 240669 22 0-401 Df - - Tomczak et al. (2012) *
Canada  Strait of Georgia, B.C 1960 6800 38 0-447 Cfb 351 - Preikshot et al. (2013)
USA Gulf of Mexico 2009 145000 47 0-200 Cfa 2.60 0.19 Geers et al. (2016) *
China The Pearl River (mangrove, 2007 17200 14 0-2.5 Am - 0.19 Xu et al. (2011)
Australia Tasmania Island 2000's 137000 47 0-40 Cfb 3.09 0.46 Watson et al.(2013)
Ethiopia Lake Hayq (fresh water) 2007 23 15 0-88 Cfa 2.46 0.22 Fetahi et al. (2011)

All above models are mass-balanced and proofed by checking values of ecotrophic efficiency (EE<1).
*: Used PREBAL for checking model consistency.
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31 HRELEH

AESCOWE (5 4 5) TiE, BARMEE SRR OEAREE A .0 & LTz Ecopath £ /L0
W% HiE LT\ %, Ecopath 7 /VOREEICIL, KEGRZAET HEEBRNOTE L7
T% < OWRES NV —T DRI NA A~ X L BIEICET DIERBLEL 2D, HES L—T
ITIFERT R & IR TR S L, BT O—BIC OV TRRER G T — 2 b A I~
AEHEETDHZENTEDLN, HitT — & O 72 WIS G I ST BT 7= 7Rl &
ST AT AT —=Z 25370 TR BV, T b OMIRIZET 20786113072 < ARk
FHRT —ZPARRELTND L F A D, HKPERERN & /KpEEER & R AR L, F—
DEEMTH T HBETH Y | A AERRZE L OKERERORBERICHELH X
TWbEBZOLND, SHIT, ZTRNODRFEOL IFHAMEARE CTH Y . EHIZ oM LT
WD TeOBRERRLER DT — Z 8 E T BMEICET 2 IR 5T (i & 2002; Balanov
and Solomatov 2008; Balanov et al. 2011) ,

AR TIE, 7T v 7 b U BEO A, A~ 2 DOZHIAE) (Hirakawa etal. 1992a, 1992b;
Kodama et al. 2018) <CIEABEEME (BRI 2009; B0 2015) (ZBI9 2 0EATHISE 23 & 5 23,
FRE, RATACAR T 2 EEHEO RN & DEAEMIZ OV TEEIICHIE SN BlLE
R, T, AW T B AR E ISR IS D CEREMEIC L A RERE LTV, E
XIRARIZNT TR SR RIED A A~ R L BYEAPF D Z LI & BWias s 2 21ig+ 5
L BT, HEORWERRET VEMET DI LB REERE 7 L — 7 O EC T EEH

LW OERB B OHEE 21T > 72,
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3-2 $BkE Hik

3-2-1 AR L AE Tk

IKEEITIZ & 2 EEL DK PEEB IR AE OB ZEFEFRETH D AAMEAY A T =E[EfA
BRI SN UARAR 2 U U7z, A el AL /A S AT O EIN L (3581) %
i L TIT o 7o, SRATHEEIE B AHEVE S 0O /K 200~500 m T 2015 4= & 2017 40D 5~6 HIZ 1
B Z A5 A Y ¥ — b r— L& FWT 124 EACTHM L, Ml - KEFERNIZ 7Y v
7 %477 (Fig. 3-1) . M@ 3.5m, Mg 19m, = v N> ROHSE 20 mm OfFZE .,
HMEE3 /v N T30 MERMLI, 22y Ry FOHGOY A XLV ERIIZERET
TR I U7 FR AR AR L L CHW R o 7o, MBI ORI )Y AL AR5 &y L7z
BARAMEEN ST EL5G1L30 oK CRMAK T Lc, br— LSRR & BEKKE 0O
AEE DO R 2 55 U, BREET — 2 IR As iR & 46 T HILRIZ W T STD % L <
I% CTD (2015 4 : A€ Y —STD ASTD-1000, 7 L~ 7 &¥-, 2017 4 : Compact-CTD Lite
ACTD-CMP, JFE 7 R/ T 7)) Zf T L, MEE LB RE E TOKIR - o2 HlE L

fnE T — X HIE LT,

3-2-2 HEAALE b R HEARAT T v

AR LD PN 5 | AR 48 mm DL b BEAMEARE 13 EELL ETH -7 14 F, T 2458
REIEARL Lz, KR, 2, KEZHIE L. SNEYE B E 72 REEMEE T ol
LCEAMZFHT 2 & L B ICBERZNE L2, 25 14 BOEMABIZOWN T, R
EAE D DALY 72 0 D3, A~ R &HEE L7 (Table 3-1), iy ETHIE LHANEY &8
ZLTEARSL DD, %< OERITFHEMOZIRGRE CHRE L, % A s R FEE K ERE
BRAT CREER L 72O BRIE - BNAMBEZTo7z, BNBEWICEENTz/ v 7

Bothrocara hollandi, 7 v /7 /7 Lycodes nakamurae, /~% 7% Arctoscopus japonicus, 7% v
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A 71 Watasenia scintillans, /7% 2T & Argis toyamaensis, 7 2% 3 T ¥ Argis lar, ¥ =7
U ==Y Maurolicus japonicus, A7 A H = Chionoecetes opilio %\ E, &, SEMH E<CH
72 & OFHAIT X 7RO B S N DT OREE ot Lz, HEnlcidime
HERPIICAER L CWEEIAEYEEZ 7 v X 2 7Y 7 L, BMLE & REOBIR)
SAMAEMFEOREZ R Uiz, HEAERFENSEEETH 72 HNEDITFHTITITE D
nole, &7 TIEREEFIZIS U TEMEICEA A LD, K& 200 mEL T, 201
~300 mm, 301~400 mm, 401~500 mm, 501~600 mm, 601 mm L. D 7 DDA BFEIC
DT TCTRMEEZ AT,

BREA 7N — T DREAEICKT T IR EREIS (%W) . BEEEIE (%N) . SEEDD
BV (%F) . %W, %N, %F Zita LIRS (IRD  (Pinkas 1971) , PR B2

FEH 73 (%IRI) (Lopez et al., 2007) . fiE&H DZEHR (%)) 1ZLLTFTORIZ I » TR,

%W = (& 2EAEMOILER) / (LY OEILEH ) <100 (1)
%N = (& 2B OMERED) / (REAEY) O 2R EED x100 (2)
%F = (&2 AP HIL L7 H 80 / GRS B—22H K20 x100 (3)
IRI = (%N+ %W) x%F (4)
%IRI = IRI/ (& TOEEY D IRIEDTN) x100 (5)
%V = (ZEB AR / GRAFE{AE)%100 (6)

WRE 2R (G, 0 BoOEEY () OEMEEHEIL proportional similarity index (PSI) (Schoener

1970) #LLTFORIT L - TRDT=,

PSI=1—0.5Y | CGHEHE j 2B 28049 i D%IRD

— (lEHE LB L6804 i O%IRD | (7)
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BT, HRE 14 FEOM O PSI OFERERNTY Z A2 —ii&iT-7 (FE)IIH 2000 ;

NS 2008), FEFHENTIZIZI R o=V a2 432 #HWE, 612, ~ & TI3RMED AL
EEBOLCUTEN LT, v~ 7% 1L L TFEORM LT 5 & & b, (K1
RN A & i L7, 72, S RFH OFRE 72V #HATE DR consumption / biomass

(0/B) (/year) #=LLTF DA HWTHM L7z (Palomares and Pauly 1998),

1ogQ/B = 7.964 - 0.20410g Wiy - 1.965T" + 0.0834 + 0.532/ + 0.3984 (8)

Asymptotic Weight (W) IZMBERIAE (g) . 7" =1000/Kelvin (Kelvin="°C +273.15) , Temperature

(°C) TR MAFOAELKIE, Aspectratio (4) [TRUONOES (A) O2FEREOND
fifE (s) CTEl->TETH D, 7 7B (Zoarcidae) & 7 V7 4 F: (Liparidae) @ Aspect ratio
(ZBI L Tid Opitz  (1996) (2 0.7 & L7z, & DIHEHN D LW RE 2 F ALY /-

DICIHET 58 (M; kg/km?/year) % LT O THE L7-,

M=Q/B x B x %IRI~100 (9)

Z 2T, BIIBHEE DAL v AEE (kghkm?) ZoRT, 14 EOME LRI % FHARE

DA v X — ba—/ /VOEEDRIT 03 IE L7 (EHE  2018), £7-. ELOFHEIZHL

B/ K fafED T — X X, 12 FishBase (URL: https://www.fishbase.se/search.php) % 5| L7,
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3-3 R

BB IO TBA S, AR, 228 R, BREKE, SERFOMIEO KR, HEE A
A~ A% Table 3-1 IZF &z, F/o, Faf, 4. F4 % Table 32 IR LT,

BNEWN L 3T OB 7 NV —7 BN HBL LT, B LA OTIL ., F4 . KL
B DEBRY, KA X, BNED L L CHBL L EREORE, BEEORER, #Eiko
WA E A Table 3-3 (CF 7o, 37 ZA—TOEWIL, HESE 14 7 v—7 (11 FE & b
PR, — ey aRHEERE, v R U ERMERORE) . 0 15 B, RIKEM 6 2 r—T

(A3, FeuFa 1l SELA LT NRR2H, “KEMERE, 7Ee b7
FH 1 MR, 288 | MEEREIC KL VR S NI, RE A IR N A TE R ¥
BHZB T 578 Z VA 1 Watasenia scintillans & Z < FilZ MBI LT HR X VA4 I F K%
Enoploteuthis chuni % &te, “KEBIZTECT T VT HA Yoldia similis, X~ 37X F 77A
Portlandia japonica, 7 7 /5A Nuculanarobai, 7 Et NTREIIEICXH I ) TFEL b T
Ophiura sarsii Toh-o7-, ZEHEILTICA Y A B Eunicida THoT=0, Hicv I LA
Amphinomida & HHEL L7=, Sl H IS~V 7 27 L Y 2 ¥ Stegocephalus inflatus 72 75MfC
LEMEE NS TR, AFETIX, Zhba#E 7 L—7 L LTI LT,

ER37T IN—T DB 1T I —T DAL, HEE 14 OO FNEY S HE
Lo, =7 580 D 20 7 v — T DEIEMIT~ X T DBENEWH D DI HEBL LT (Table 3-3),
MRE 14 EOMM T LI, a7 LV —7 OREEES (WN), BERES (%w), HH
BEFE (%F). fRRIEEEE % (%IRI) OFEIAEZFH L7 (Figs. 3-2,3-3),

14 FOEARBEOFHEREAMEZ R L L, =V OBFNEMTITY /) FoAFT INE
& (65.4 %W) ., 8% (84.4 %N) ., HEBUHEE (32.0 %F) . BEEE95.1 %IRNE HIZE L L=,
VX7 T, BRIL m USRS o (322 %W) ., B TIEY 2 FuAF TR
(40.7 %N) & =ARr 773X (23.6 %N) 1< HBBE IR S VA ED b &<

(33.5%F) ., BEEIIRANVA BEE BT0%IRD & ) FF%T I (24.6 %IRD iEn>->
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7oo NV AT, BRIZE XA DENRE o728 (69.4 %W) , (EAEL, HIRMEE, EEE
TIZY 7 F oA %7 2 (397 %N, 142 %F, 36.7 %IRI) & =427 3 /7 2 (56.0 %N, 13.3 %F,
47.6 %IRI) HbE&LIHAEIN T\, Y~ ha 7y hoh ik, B, B HBSEE, &
FEOTXTIZBWTY /oA X7 I (398 %W, 852 %N, 41.2 %F, 86.9 %IRD 7
VAERERLEZON, T7E7 =0T, BEETIEIARZ A DI (63.7%W) ., {EIK
B, HBUEE, BEECIE=Ar T 72 (912%N, 72.6 %F., 73.6 %IRI) 25ME 5L, 7
NF v o TIEEE, R WBHEE, BEEOTXRTOBANLY /T AXT 3
(582%W, 97.0%N, 53.8%F, 86.7%IRI) NEREThH-olc, / vr 7%, HETITIAL
A T1¥A (62.0 %W) | ERE, HIBUBEEL HEE TIXY /T4 F7 X (50.6 %N, 14.7 %F,
59.5%IRD) %% <R L Tz, 7 v 72 7 Cld, i & EEE TR Z VA E (78.5 %W,
60.2 %IRI) NEETH 720, EFBETIIZEE 226 %N) . RZ VA T 21.4%N), >
T AFRT I (19.0 %N) . HBBEE TIZZEE (15.0 %F) . "2 A ¥ (15.0 %F) b
ZLRbNie, ZF A7 TR, B, BEERE HBBEE, EEEOTTIZRBWT /1
T (493 %W, 345 %N, 21.9 %F, 71.0 %IRl) BNERTH-7-, 73X 7 TiX, &E
B, EARE, HBUEE, EEEOT XTI W T A HE (51.2%W, 98.4 %N, 39.2 %F,
93.5%IRI) NERThHoTc, NINZIEL, BETIHE=AUI I (42.6%W) LHRZNA
T (37.6 %W) %% <R L7208, THUSNOER Tl=h> 72/ 2 (80.9 %N, 66.1 %F.,
873 %IRI) DEIGEN-oTz, Y UNTIE, BHE EEL BEERENLA T2y )2y
(71.2 %W, 46.8 %N, 58.9 %IR]) % Tf b LTz, HBUBHETIXY /o 4x7 2
(333 %F) ., =R/ (200 %F) bZ0olz, L7 TldERE, MBHEE, &%
FECIX, B3 (887 %W, 513 %F, 882 %IRD WNENL% A=A, BIARE CI M HHH
(39.8 %N) . Wuli¥E (30.8 %N). EJH (272 %N) NEhole, THH LA TIXEELE
HREIZBW TR Z LA HH (69.6 %W, 459 %IRI) DEIGBE - T=08, EIRE TlE=7R

73 /3 (395%N). V) FAXRT I (273%N) . ZEHH (25.6 %N) . HBMBEE T E
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BN (30.7 %F) . ARENA T (243 %F) . V) FAFT I (188 %F) H%< AL
i,

~ X TIIREBEMEIC X o> TRENRIR 5722 LD IREH#ITHZ & IC%N, %W, %F., %IRI
ZREH L, REICHED BEOBb 2§~ (Fig. 3-5), E®& TR S &AM 600 mm £ THK
Z A TS 20 %W FREE A SO BB REE & 7o TUve, (AR 300 mm £ TiE=Ar 73
JIVY)FUFRT I, VY 2 HOEERIG b RPN, ENEBRALE /v
T ENINZDOEDLEGRE L o Te, EERERIGEZRD L. KK 500mm £ TiE=4>
VLY T AT IoRENEEEE Dz, L, (KK 500~600 mm TR
HA T (524 %N) iR KR 600mm LA ETIEARZ v A B (199%N) &/ =
7o (183 %N) T4EIZ DIz, HBBHEIZEW T HMEEE L FEROBMA R i, &
YA ZO/PSVERIZ=ARY T Iy ) FUART IEHAL, REL EBITHRA L
AT NENZ )T o IIBAT L, BEE T, AR 200mm £ TlE=Ar v/
< (69.1 %IRD . &£ 200~300 mm TIXY /o AF7 I (858 %IR) b m< ., Kk
300~500 mm TIEAR X VA BIHE Y ) F oA FT INEFHTS0%E B2 72, KK 500~600
mm CTIEARZ VA HE (672 %IRI) . 1RK 600 mm #8225 &/ v (54.6 %IRI) D
HE oI,

AW D EAL 8 7N — Tt HIHAEE 14 OB EEE 5535 (%IRD OAFHEE
Fig.3-4 \Zr LT EAL 8 EHAEM I N—T OEBEEEHHFEOGEHEITZENE, Y /) T2 F
X7 3 452%, =R 3 268%, XA THE 210 %, ZEHE 117 %, A EKE 99 %,
Jar s 84%, a2y VY 671%, /L FT 31 % Thote, BEEOKRHDPEN &
X, BEAEMOARER TORELEZRT,

BRI EERE A L LI LT BMD Y T A —3H T, 14 TR 6 DDV T AKX —|T
SN (Table 3-5, Fig.3-6), Y UNTF, = TNRFx o, /aFry Nk

Y~ AT HBTHFILI oD TAZ—A ML, v a T AT ST O T
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ABL—B LT TALE—C, "EINBZEWFTEI=F T TAZ—D, XFTHT 7137 T A
Y—E, ¥HT . THHVA, 70l 7 A8 —F #FE LIz,

I, X T HEETA XBIO 6 T V—T I LIZGEIZONT Y T A% —fRfT %
[TolbZA TO007 FTAX TSIz (Fig.3-7), #0757 73~ 27 ORE 500
mm Y EER TS A% —G, v% 7 DOKE 300~500mm (L7 7 AKX —H, 7277130
TAE—L, THIAVA, svaF oy Fovr=v Jualyyl NI A NENE &
7 O 200 mm L NERIC 7 7 A% —) i L7z, £/, b orwldrs 7 22—K, Y
INFIEY TAZ—LEBK LTz, Y~ haTd v hoh, TAFy Ly, = v v X 70K
£ 200~300 mm |£7 7 A ¥ —MIZJE LT,

~ X T OREN T N—T ORENSEERS 5 & (KR 200 mm L RO~ X T1XT7 TV
A, IaFUFE I Jallu sl NI A NEANR L (75 AR=]) | KE 200
~300mm OV X ZEY~ haTd e hIH TARF =l (772X —M) ., KE 300
~400mm & 400~500 mm O~ ¥ ZIIZLNZLNHMD 7 T A% — (K&K 500mm LI LD~ &
FEE T T e (VTAE—G) 7 TAZ—EAE LT,

14 FEOMRATE, AR, 7 A7 M, BYZ A 7 O/B ODHEERER % Table 3-6 I
F L, 14 MEOHAEE L D284W AL 8 7V —T7 DR E M (kg/km?year) 1%,
JFUFFRT I (M AFHME=259), =& I3 (237), RZAA BFE (103). LEHE
(37). —#E¥ (26), Z7EE FTH QD). /mrry (15, ¥avlxy () Tho
7= (Fig.3-8), Y/ FvAX7 L=y (74) L a7v s (103) (XD HRE

NEL, =Ry 7 JTELTUL, ~FZAAZ (180) IZL AR ENK DS N1,
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3-4 B

A AV PE D /KR 200~500 m T 2015 4F & 2017 4D 5~6 HIZ T ol KA v #— b m
— VA KD | AR OWEARER RIS T 2 EEARE S LT 14 FiOMAIHLE 37 Off4
W7 N— T DREE ST,
3-4-1 EREORME

BYUOEREL AW 7 AX—RITIC LY . FER 14 MOEAFITEMEO RN 6
DY TAZ—=IH TN, 7T A —AIZBT D 6 FIZIE, KV A X0 IREC/NVY R ER
EEICHAET D LV HRORFEBRD BN, 7 TAX—BOL LTty FTAL—CD
T AT IR R E O £ 0 ATERRE b b BV ES AR AR L T e, L
ML, B LT EZBEOARY Yy YA N TAF I THEBEO AN Y VA R THo
T eDWMELRRD 7 TAZ =IO LILERNEEZ bND, 7T AZ—D ONFNE
EVF T = DN, =AY IFFRE LICESAR DT, 7 TAX—ED
ZFRTFTE ) v T T EHETHARY Y VA N ThoTclod, MDD s 7 24—
SN, VIAEZ—FDO=FT, 7uur THAH LA TR, RE A FEOELEY
HHEEICHD LGN R BE < (Z37%IRD ., KWTY ) F3AFT7 3 (Z7%IRD iR
[ORQAYE ST IV oY g W

X ETEERMNDO I N—=TITHn T T TR — i LIcE ZA, KEZNV—T T LI
RIpD 7 TAZ—ICREINT., O Lid, AEORMNERICE > TR L., 8AEMIC
%t U CHEABIRICH 2 RN EL LT Z L 2R L TWD, v & 7 kfald, fsmRics T 5
ERHARE CH Y BRI o UMIREEH TH L =R U ) I Y ) FUART Inh
RENA T, NENE IaF o Wo e REOEAEY ~L TRENE(L LT, o, 1K
£ 200mm LT O 7 —7 73 bR 600mm LA LD 7V —7F T, hofafEo B NEMIZIE
HHL L7 o 72 20 HEOEHAEY 7 NV — T DENEMEED 2 FILL L2 HOTWZ &b,

AFEIIERY A XD O TRHAEM DO SIEERE N2 LRSI, v & T DRMICONT
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(X, 7 7 AR ELALUEER TP OEEFET | FFRICR BRI X o> TEERMAENE FHK
(S S DA RE N A S CWv%  (Urban 2012; Wang et al. 2022),, R4 X DN
ENE Y KO E T ET 5 2 & T, DRMRREEITO & & BITHEMITH T 5
WBFEZERTIETWDLZENRBZDID, DT, v TIHET A X Lo THEEKENR
BB ERHMEINTEY (BA 1974). 20 X 5 iR B X 23 B0 3 RMIC
FNBARERNWE S Z Lo Bbhd, ~& 7 LRERIZ, "IANEZRZ T
B A RRFHIT L FEH ORI, VA X BREEM~OIKIFE R EZ D 2 L
HRTVD (FARD 2011; Saveliev et al. 2011)

14 FEOKABIIHEIZ Lo CEERERKENRER D, =V, YUNTF, BLrriEX
0 K T d HKEE 100~200m DX T35 1 & FRARKERE LTEY  ~F 7 Y R,
TRF Xy WENE T T HT U ATTKGE 200~300m D F T35 11 & 70 B BIKEER & LT
W5 (Nishimura1966), Y~ b7 >, /aryyr  ralbuyr 2700507
AT R R D Z F 35 ML & RTINS KEE 300 m LARZ E72R R BOKEER & LT
%o AWFIECERETA L2 KIE 200~500 m 1XZ ZH M & X FHMICE 25 Lnd, &
W2 FHBNCAERT =0, YUnT ebru, ROERCERT LY~ harv Yy
B, Jaruy safu s BF Vs T AT, FERA RO TEAR
MDEREIN TR, Fio, X T, THH VLA NIANF Y UNFIE, ABICHRESE
IR 7= D IR A~EE T 5 Z E N BN TE Y . ARKEHLIFHMNICELT D (EA
1974 ;NEF 5 1997; HF 1999; HIAR S 2011), AMFIE CIEIHA KRR & FHINRE I
W, EARRRET VA RER T 5 7201, SO FE e oAk & 2RI

BA—TE HREOTHRIN 4 HOBETH 5,
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3-4-2 EEEEY

AW BAL 8 7 — 7 ORI R H 53 (%IRI) OHFHELA LD & EEE DR/
FoART I =AU I RENA VRITEEFEOLFEN ORI, ZEHE, K
B, /nbrrr, Favlxzy JEE NTHI EhEnevra, 7IASFU5 2
N DINF T AT VVAICERINT W, b, V) FoAxT7 I, =Fhy
U X ARZIVA TAO 3T, FRAEVEHEIC IV TE < DR ER BB D AN D A RE 2 3L
R D EEREENER T oTc, —Ji, BB D STHOEAEY 7N —TI1XART v U A T X
DRIHENTEY, evru, 7IAFUT . ZFATT I ONF T AT LA D SHD
BRET, TNENOERELRDIEAEYOEICEEZEIND Z LBEZ LN,

Hirakawaetal. (1992) \ZX2 AARMEICKIT L7 T 7 FrOFEAFITHOZ2HETIE, Y
JFVFXRTIL =R T IONRA G AT T AND 10 AicEhotz, —J7, &M
WZIEHA T VEDNANA TV ANY )T FXRT IR I /I K020 LR
HINTEY ., AAREESIERICISWTHEY YT 7 b oo BRI 21k
DHLHLZEDRINT WD, Flo, YT TFXFT7I, =R UI I, IATVED 3
TN—1E, AKBOEM T T 7 M ORTREERAEMETHY | EEEEL AL
BYEFEOBIMIHRET 5 9 A CHEREHEZRL LTS CEIIL 1999), 2D L
5, ZO3TN=TOEYT T s b o HBRHOHBERIE, b2 B LTS
JEAEFIEO LB Z OB L FEICBRT 5 Z LB A b D,
JEAREOEEREEAEM THLY )T AXT I, =AU I REVAL DI R
R A LIS ERE A~ B2 AAMERE 2175 (Sugisaki et al. 1991; Nakagawa et
al. 2003; Watanabe et al. 2006), ZAL5 3 FIIEMICKE THW T 7 > 7 b R8T 7 7
AL, ARIIERICEE L CEABICHES D, 2O X5 2 AAREBEIORR,
IS OEEBHEMIIEE ~OMEREICB W TEEREZEHI LWL EEILND

(Sugisaki et al. 1991; Taki 1998; #E©S  2002; Watanabe et al. 2006) ,
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3-4-3 BMWERE ORRE

A AW D KM 2 F100 & T DI FEARRRIZEK T 2 TERERAEMZH LN T 5
72, Fig. 3-4 TITEERIEEE H 03 (%IR) ORFHEZ R A XOHEBERE D RAe 2 i 2
B CRSICHRO, A EIFHES T 7 TRE L, LU, 2O FE TR AR O &R,
KA X, BEEEPRR ) AV T 2HEEOBMEMOENEZEZE L TRV EN)
MR D -7c, Ll ZORRITHEE ST OEY# R R (Fig. 3-8) OHEERF & BN
SAETHRRUT, @RSV HEEREOMA S %IRI LFEL LTV, ZoZ Lid, H5R4
MOBFRENARALRGETH, HNAWTHEIC X > Th HREE RWHERE OHEE D FRER
ZLEmTboEEALNE, £, RAETRES N 14 HITFHETHWMA THRET
TTEEFETHD, L, SEHWEEEAS v #— b — /Ll CIIRE TE R o 7o/ MV
DIFEEN, AW CTREE LT 37 7V — T ORAMEFIA L T D Z i3 +aicBExbh
%o AW TGN T E 2270 o T/ NUEMW I Ol B R BIFR 1T AT AT 5 mAiEs
EEZEZDIATHETHY, SBMFT_XEHREDO—2>TH D,

FTTICwR L TE2 LB, AAMEEEEEIZ I T 2 EAMBEII T A XA0FHIZ LV AR
GBI EBE L. 2RIt TRMD BT 2, Eio. RHEM L FEOEINCE EE 6T
BAR D T H AR 72 > T e, DT | FEEEWAETERET L OBED - D12
X, R ZER 2 D N—T HRENLETH D, Ll K, AR, &ML E O
M OHKI O Th bR ZRFEDOXRFICHOWT, @HTAIARERRET LORELE DT

WA 5 2 LB ARME L L TR ST D,
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3-4-4 HEET L —T DRE

KREICBT DRMEMITOR R L BELEER, HREL L TR BWEOAELD,
E I N—T L LCERELHIESNZY V) F o AFT 2 =R v 3 RE LA B,
ZEH. HEE, /el ry ([lRELLTHLRE), ¥avlVxzy, JELE FTHD 8
i, BFF21 ZVv—T7% ROE 4 FIZHT D Ecopath T /VORERE S/ L—7 & L GRIE L

-/:,
—o

1 ?2°E 1 1?4 1 1?6

Sea of Japan - )

2%m

Fig. 3-1 Map of the sampling locations (indicated by black dots) and bathymetry (100 m interval from
100 to 500 m)
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Fig. 3-2 %W, %N, and %F values for 14 predator species with 37 prey groups. Eight major prey groups

are shown as a single group and the remaining 29 groups are grouped into others
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Fig. 3-3 %IRI values for 14 predator species with 37 prey groups. Eight major prey groups are shown

as a single group and the remaining 29 groups are grouped into others
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Euphausia Themisto Watasenia  Polychaeta Bivalve Bothrocara Maurolicus Ophiuroidae
acifica japonica scintillans hollandi japonicus
Top 8 important prey groups
B Clupea pallasii B Gadus macrocephalus O Sebastes owstoni
O Malacocottus gibber B Careproctus trachysoma B Crystallichthys matsushimae
B Bothrocara hollandi Lycodes nakamurae O Lycodes tanakae
W Petroschmidtia toyamensis 0 Arctoscopus japonicus O Cleisthenes pinetorum
B Glyptocephalus stelleri O Hippoglossoides dubius

Predator species

Fig. 3-4 The total %IRI of the top 8 important prey groups that were most utilized by the 14 predator

species
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B Arctoscopus japonicus O Watasenia scintillans DOothers

Fig. 3-5 Diet compositions of Pacific cod are summarized by body size for %W, %N, %F, and %IRI.

Six major prey groups are shown, and the remaining 31 species are grouped as others
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Fig. 3-6 Cluster dendrogram of diet composition dissimilarity distance of the proportional

similarity index (PSI) (Schoener, 1970) based on %/R! values of 14 fish species from the southwestern

Sea of Japan. Clusters were compiled using the group average method
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Fig. 3-7 Cluster dendrogram of diet composition dissimilarity distance of the proportional

similarity index (PSI) (Schoener, 1970) based on /R[% values of 13 fish species and 6 body size class

(in standard length, SL (mm)) of Pacific cod from the southwestern Sea of Japan. Clusters were

compiled using the group average method
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Euphausia ~ Themisto ~ Watasenia  Polychaeta  Bivalve Ophiuroidae Bothrocara Maurolicus

pacifica  japonica  scintillans hollandi  japonicus
Prey groups
Predator species

B Clupea pallasii B Gadus macrocephalus B Sebastes owstoni
O Malacocottus gibber B Careproctus trachysoma B Crystallichthys matsushimae
B Bothrocara hollandi B Lycodes nakamurae O Lycodes tanakae
O Petroschmidtia toyamensis OArctoscopus japonicus @ Cleisthenes pinetorum
B Glyptocephalus stelleri O Hippoglossoides dubius

Fig. 3-8 Sum of M (=Q/BxBx %IRI +100) (kg/km?/year) for top 8 important prey species with 14

predator species
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Table 3-2 Japanese names, English names, and scientific names of 14 predator species

Japanese name English name Family Scientific name
== Pacific herring Clupeidae Clupea pallasii
K& v Pacific cod Gadidae Gadus macrocephalus
INY A Oweston sting fish Sebastidae Sebastes owstoni
YIhaTLhTh Darkfin sculpin Psychrolutidae Malacocottus gibber
YIEHI=Y Rough snailfish Liparidae Careproctus trachysoma
TINFr Barred snailfish Liparidae Crystallichthys matsushimae
/a5 Porous-head eelpout Zoarcidae Bothrocara hollandi
A=l 24 Black eelpout Zoarcidae Lycodes nakamurae
BFHTT Tanaka's eelpout Zoarcidae Lycodes tanakae
=t Black edged-fin eelpout Zoarcidae Petroschmidtia toyamensis
INFINA Sandfish Trichodontidae Arctoscopus japonicus
JrIINF Pointhead flounder Pleuronectidae Cleisthenes pinetorum
Lo Blackfin flounder Pleuronectidae Glyptocephalus stelleri
FhALA Flathead flounder Pleuronectidae Hippoglossoides dubius
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Table 3-3 The Japanese names, scientific names, ecological habitat, body size, total number of
individuals found in the stomach contents, total weight, and average weight per individual of all 37
prey groups found in the stomach contents analysis of 14 predator species. Prey groups that appeared

only in the stomach contents of Pacific cod are marked with an asterisk (*)

Number  Total  Individual

Category Japanese name Scientific name Ecological size of weight  avarage
group samples e weight (g)
INRING Arctoscopus japonicus Dp L 185  8460.2 45.73 *
F2 IV Maurolicus japonicus P M 163 203.8 1.25
/B4 Bothrocara hollandi DP L 155 17450.4 112.58
EL 40 Glyptocephalus stelleri DB L 42 3360.0 80.00 *
T INFY DB Crystallichthys matsushimae B S 28 2.5 0.09
=2V Clupea pallasii DP L 13 2933.8  225.67 *
YSEH =Y Careproctus trachysoma Dp L 13 1300.0  100.00 *
Fishes FHHLA Hippoglossoides dubius DB L 12 960.0 80.00 *
Y05 Lycodes nakamurae DB L 9 192.6 21.40
T34 U4 Petroschmidtia toyamensis DB L 4 298.6 74.65
RTA DA Aptocyclus ventricosus DP L 3 210.0 70.00 *
aAVRALD Eumicrotremus asperrimus DB L 3 477.5  159.17 *
F2HATAN Cottiusculus schmidti DB M 2 14.7 7.35 *
e+ 24 Petroschmidtia teraoi DB M 1 7.4 7.35 *
T3 AT Lycodes japonicus DB M 1 7.4 7.35 *
=R/ 2 Themisto japonica P S 11664 437.8 0.04
/A FTE Euphausia pacifica P S 9757 425.1 0.04
TEDxa%E Crangon spp. B M 166 604.8 3.64
33T E4E Amphipoda spp. B S 102 8.2 0.08
NFYIE drgis toyamaensis B M 24 124.8 5.20
R I AH = Chionoecetes opilio B M 45 290.2 6.45
Crustaceans Ry F7HIE Pandalus eous B L 41 739.4 18.03 *
YOYIATE Argis lar B L 36 596.6 16.57 *
EARFHIE Pandalopsis japonica B L 4 46.9 11.73 *
rFEIE Spirontocaris spina B M 3 10.9 3.64 *
INYZEIE Eualus biunguis B M 2 7.3 3.64 *
AINSEIE Lebbeus groenlandicus B L 2 62.1 31.07 *
K148 Paguroidea spp. B L 1 16.6 16.57 *
"I 37RBIV Vargula hilgendorfii B S 67 2.8 0.04
"2 L1548 Enoploteuthidae spp. DP M 1282 8760.3 6.83
Z# B %5 Bivalvia spp. B N 514 21.4 0.04
RR A7 Berryteuthis magister DP L 23 33099 143.91
Molluscs T . e
RO XAH Rossia pacifica DP M 5 342 6.83 *
RIVAL A Todarodes pacificus P L 5 228.7 4573 *
FEBQS O Benthoctopus profundorum B L 137.2 45.73 *
Echinoderms 2EERTHE Ophiuroidea spp. B S 260 260.0 1.00
Polychaeta % £ 48 Polychaeta spp. B S 142 142.0 1.00

Categories of habitat of prey species are shown as P (pelagic), DP (demersal pelagic), DB (demersal
benthic), B (benthic). The size class of prey species are categorized as S (< 1 g per 1 individual), M (1 - 10
g), L(10g<)
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Table 3-4 Diet compositions of Pacific cod. Prey groups that appeared only in the stomach contents of

Pacific cod are marked with an asterisk (*)

Japanese name Taxonomy Prey groups %N oW %o 2RI
Favlxzy Maurolicus japonicus 0.51 0.07 2.67 0.05
Jalyu g Bothrocara hollandi 260 3220 12.10 13.34
VA= Lycodes nakamurae 0.08 0.97 0.71 0.02
7Tl Petroschmidtia toyamensis 0 0 0 0
TRF ¥ DY Eggs of Crystallias matsushimae 0 0 0 0
INF NS Arctoscopus japonicus 3.61 18.20 18.15 12.54 *
|t Petroschmidtia teraoi 0.02 0.02 0.36 0.0004 *
= Fishes Clupea pallasii 0.25 6.31 231 0.48 *
== Glyptocephalus stelleri 0.82 7.23 4.45 1.13 *
FIvs = Careproctus trachysoma 0.25 2.80 1.78 0.17 *
XATH Cottiusculus schmidti 0.04 0.03 0.53 0.00 *
THhATvA Hippoglossoides dubius 0.23 2.06 0.89 0.06 *
BTATH Aptocyclus ventricosus 0.06 0.45 0.53 0.01 *
ay~_A by Eumicrotremus asperrimus 0.06 1.03 0.71 0.02 *
TR Lycodes japonicus 0.02 0.02 0.36 0.00 *
sum 8.5 71.4 459 27.8
=AU/ Themisto japonica 23.55 4.99 8.36 7.56
V) FUAFRT I Euphausia pacifica 40.66 020 19.04 24.64
TV a8 Crangon spp. 306 123 1281 174
gaxT bH Amphipoda spp. 0.51 0.00 1.07 0.02
A== Argis toyamaensis 0.39 0.71 2.49 0.09
2T A I = Chionoecetes opilio 0.84 0.55 6.23 0.27
safaxy Crustaceans  4rgis lar 0.70 1.28 445 0.28 *
Ryarsrhxzye Pandalus eous 0.80 1.59 3.20 0.24 *
NP IETE Eualus biunguis 0.04 0.02 0.53  0.001 *
ANTETE Lebbeus groenlandicus 0.04 0.13 0.53 0.003 *
NMrETE Spirontocaris spina 0.06 0.02 0.71 0.002 *
Er N7 TR Pandalopsis japonica 0.08 0.10 0.89 0.01 *
RO Paguroidea spp. 0.02 0.04 036  0.001 *
U IRF I Vargula hilgendorfii 0 0 0 0
sum 70.8 10.9 60.9 34.9
REZNA TJH Enoploteuthidae spp. 19.9 15.0 33.5 37.0
" BEHE Bivalvia spp. 0 0 0 0
RAA 7 Molluscs Berryteuthis magister 0.37 1.87 3.56 0.25
Ry RA T Rossia pacifica 0.10 0.07 0.89 0.005 *
AWVAAT Todarodes pacificus 0.10 0.49 1.25 0.02 *
Fenr¥a Benthoctopus profundorum 0.06 0.30 0.71 0.01 *
sum 20.5 17.7 40.0 37.3
JEke bTH Echinoderms Ophiuroidea spp. 0 0 0 0
2EH Polychaeta Polychaeta spp. 0.16 0.02 0.89 0.00
total 100.0 100.0 147.9 100.0
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Table 3-5 PSI values based on %/RI values for 14 predator species

(1) €2 3> (4 (5 (e (7> (8 (9 (1od (u1) (12) €13) (14)

{1)Clupea pallasii

{2)Gadus macrocephalus 0.29

{3)Sebastes owstoni 041 047

{4YMalacocottus gibber 0.87 037 0.87

{5)Careproctus trachysoma 0.02 033 0.61 0.00

{6)Crystallichthys matsushimae 0.87 027 037 033 0.00

{7)Bothrocara hollandi 0.63 046 070 0.61 0.32 0.60

{8)Lycodes nakamurae 0.08 046 021 0.11 026 0.08 024

((9))Lycades tanakae 0.00 024 0.12 0.02 0.12 0.00 0.17 0.18

{10)Petroschmidtia toyamensis 0.00 0.02 0.02 0.02 002 000 002 0.07 0.03

{11)Arctoscopus japonicus 0.12 019 060 0.10 0.76 0.10 0.33 0.11 0.02 0.02
{12)Cleisthenes pinetorum 031 033 044 026 0.15 026 043 0.08 0.00 0.00 0.26
{13)Glyptocephalus stelleri 0.00 0.00 0.00 0.02 0.00 0.00 0.07 025 008 0.06 0.00 0.00
{14)Hippoglossoides dubius 0.17 060 044 0.17 041 0.16 043 064 0.14 0.07 027 031 0.03

Table 3-6 The list of 14 predators with asymptotic weight (Winf'), optimal water temperature, aspect
ratio of caudal fin (4), food habit type and consumption / biomass (Q/B). The & (herbivore) and d

(detrivore) are also related with diet and used in equation (8)

Japanese name Scientific name Winf (g) Temperature('C) A4 Foodtype h d Q/B

=y Clupea pallasii 294 2.2 1.32 Carnivore 0 0 2.72
EC i Gadus macrocephalus 9166 1.8 132 Carnivore 0 0 1.32
INYA Sebastes owstoni 182 2.5 132 Carnivore 0 0 3.05
YRraAITHTH Malacocottus gibber 483 0.6 1.32 Carnivore 0 0 2.23
HFIEH=Y Careproctus trachysoma 343 0.6 0.7 Carnivore 0 0 2.12
TINFvY Crystallichthys matsushimae 343 1.4 0.7 Carnivore 0 0 2.23
= Bothrocara hollandi 369 0.8 0.7 Carnivore 0 0 2.12
= Lycodes nakamurae 229 0.7 0.7 Carnivore 0 0 2.31
BFNTT Lycodes tanakae 5293 0.9 0.7 Camivore 0 0 1.23
FaATUH Petroschmidtia toyamensis 393 0.6 0.7 Carnivore 0 0 2.06
INFING Arctoscopus japonicus 179 24 132 Carnivore 0 0 3.03
JTIINF Cleisthenes pinetorum 778 3.7 132 Camivore 0 0 2.43
ELonm Glyptocephalus stelleri 342 3.4 1.32 Carnivore 0 0 2.82
FHHLA Hippoglossoides dubius 1128 2.1 132 Carnivore 0 0 2.04
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HAYGEPESIC BT 2 EONE ML, RTA =N INZ 2T LS Exg e L
TW5D, LA CHER SN D IEEEIR 2 EICEET 5701203, M ERERZ W L TR
S D BWNEIREIE BT 2 B RO ECEEI AR T 2 2 ENEETH L, AETIE, H
AV A T T v L L CRERIR 2 & KA A ML O H MR & R s %
Ecopath with Ecosim (EwE) (2 &V €7 /(b L7z, &IZ, Ecopath 7 MZ K-> T Sz
BRERE 7 /L — T ROARER & IZEIC KT D RHlFE AR 2 VT B A PSR D JE A A RE SR %

TR E MK ORI OV TR L7z,

4-2 BB iR

4-2-1 TT VAR

T U U T ORRE B AWRPEERIE O K 200~500 m OEALERE L (Fig 4-1),
Z OWHRIZIE, TAC FBAMIGBE SN TNDE XU A T=RAN AL I EIT LD, EIRGE
fifi « AN RAECRES N TODTIA LA, ZYRTE R, =y Fav/ (YU
FY I FTFAXRT I, MY aze, vy a Ul NI E AT A e T E
RENATI, Ry Al TAHTE, w4 T F0 M7 HATE LW ol KEEERMANZL AR

L. EOXMEEENK AT TS,

4-2-2 EAEYOERLE
IKEEITIZ X 2B EH DK EERFAE DT MELFETH DL BRERT A =FKAE
ARSI UHEARZ U Uiz, JAASIE. SRR A IR 124 @5 (ki 35 05

43~35 B 28 4y, BURR 130 £ 39 43 ~137 £ 25 43) 1BV T, 2015 4E & 2017 D 5~6 HIZ
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e RSB S S AT E ORI AL (358 1) IC K DAEEA v ¥ — b r— Lz v TR
L. 7K 200~500 m O THRIA, HEdH, RIEBYER L OB BEHzRE LT,

THAFER O HAE T 31316 km 2 (2 K& A 72 (Fig. 4-1) , AL « AEALER 7951356 3 31 FER L=,

4-2-3 [EAEEYDOWEES NV — T DRE

BAE SN EAEMBHEO T D 8RB/ N — T 28 E L, S V— 7 2T %
AEWFE% Table 4-1 ([ F & 7=, 38HEBEZ L— T ONRIT, H 3 ETHRF LIz A F~AD
RERMAFEI14FE, ZNOOTEREAME L THRNAEMD GER I TREIZINZ T, A7l
BT Wb 72 o T S ARTHA T Z SRR SN, M OAKHA TIIRESNT
RS B AT ERMEEIC d 1T 2 BB AR JRERI R L 7 o T D HEH L KBV, &b
BCIVTHETHD, ZOM. BT T 7 N WM T T b T T4 X AEMAT,

41 BERE N — T R E LT,

4-2-4-1 Ecopath &5 )L
H AV PSR O AR AR RER T T L AL L | IO B 27T 5 72912 Ecopath £7
) (Christensen and Pauly 1992; Pauly et al. 2000) #{ifH L7z, AREDEALERER T, 52
BECHEEE U 7o U AR RIEICE 7L LT R DR e 79 2 BB O IE 265 & L,
JEREMTHREISNTWDAEEZFLE LIEARBRICEREZ Y T TET AVEER L, K
B Ecopath E7 /LZBWT S, B2 EOET /L L FERRICAERRNOERE Th b O AL
MO REREANAT A2 b L, BREZRERB L) V7 SHETRALTND
(Christensen et al. 2005), Ecopath &7 /UIZHI1T 2 KEEEY L — 7 O&EJE, EIREITRT
HAPER, EIREICT DA E, BV, MERICET O EAT —213% 2 EoAX (1)

ZRWTET IV EREEE LTz, AFENTIZIEX Ecopath with Ecosim  (EwE verison 6.6.8) % fV 7=,
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4-2-4-2 BRE - WEEOHEHE
AARMBEETICET 5 6 IR (AR, fIFR, R, el SHEUR, BRIE) @ 2015

L 2017 FEOBEMOKEGFEERFME (hitps:/www.maff.co.jp/e/data/stat/) . 3 X OUKEET D

BIREHM O T —#  (https://abchan. fra.go.ip/hyouka/backnumber/) (Z3#E & 7= 11 FEIZEH L

TIE, BT — Z ICBW ORS RS S (R E/ERE) . GIREHEM AR L
7= (Table 4-2), MIEICE L CIZECEM@EOL L Lz, 7ok, Y%K EAERICHET
% KPEFFIC & &AL, ATHAE & RO KT 200~500 m # 2 H1) 2B ERE R4 b
EICFEMSNIEbDTHD, T, =V L TLRET —Z DB AFAETH > 7120,
MR A 3B E LT, EREHIBWT 20O v 1Zid, Ay arsz 7 hxze,
Koz, Jufaxt, Fa M7 HTE, ARTEZERNEGEND, [ZOfo=
EFEH] D 2015 4 & 2017 D 2 HFED 6 W RO SRR O G FHE 2229 tlyear Th o7z,
Ry a7 AT EIZE LTI 2 BED 6 [FROFEEERDAFHE 1876 t/year & AR I
TUW7=8, 780 D 353 t/year 2D 4 O T EFEHIZ OB L7z, 4 FEODO = EHH~D/E R
X, EAEYRETHONTERET - OEELE S LITRE LT, [Zofho B 121X
TYRTERF, Ty Fau S IR REENTND EAE L, = EHHE RERICEAA
VB THONIRET — ¥ OB R A b LSRR Z 00 LT, Z O, 2 TiokEs
ENZVRAECES AT CELRESNTHE, FEAHOHENEDPICZBEINT
FEFIZOWTIE, EAEYRE CORZ L ORERENORESEZ 03 LIE L TERE

ZEMHE L7 (W 2018),

4-2-4-3 NFRA—HFDAT]
&R (B), BREHT-V OLpER (P/B). ER&EH7- OHERE (O/B). £ (DO),
EE (V) OEKSMATINT A —% (Table4-3) 1. #EES/ L —7"Z LT FishBase D4

155> — 1 (https://www.fishbase.se, "Accessed 28 December 2023") . Hijik D/KEE)T DEJRFE
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M7 —% . FATXERDOT — & 51537 (Tabled-2, 4-4), WEfOWERIT, ATalE/RT —
ARPOHNTN DT, RIFFRTIIR Y fobiedotz, 87707 N 777 b
Y OFEMOEIREIL, P/B SHERE 7 v — 7 DR ARGRWAR) ¥ % 7R T Ecotrophic efficiency (EE)
% SCHRAH1F5 Z E12 LV | Bcopath £ 7 /L OBREIZ L 0 HA) L7z (Table 4-4), RIEIZDOW
TIE, BIETELOEARMT —% & CHK (Table 4-5) #2EZIC L LT, HENT VA%
T 5 K 912 Ecopath 7 /VOFEREIC KV BMEZSBERE /7 L — 7 TR Lo, MR

(Table 4-6) 23T, KAERE VL — 1281 LAY E B A D GEHI, T MAERMIRHC

1 (100 %) &725 X 9ITHRTE LT,

4-2-4-4 Ecopath ET/NVDREEL 7 LT U X2

KETNINT A—4 (B, P/B. Q/B, DC) D AIMED¥E% % Ecopath &7 /L D“XF

U —HERE” H\CRFAM L7 (Table 4-7~4-10, 2 % 2-2-4-4 &),

4-2-4-5 HARRXY NU—I o8

g
Uy

ARER A Y b U — 27 55 TIE, ERRR OIS & Z UK DIEDZ B 2Rl L, AR

E

FTNVH DB DOW OPDOFRE A AT 2 Z &N TE D, RKETHWIZRR B
Trophic level (7L), H&FE% Omnivory index (OI) . ZERERARIT KT 2 HERMEFEEL System
omnivory index (SOI) . fHEMHERLRD A /37 M % F~<2% Mixed trophic impact analysis

(MTID), F—RA h—FlopHT, FHIREELE Mean trophic level of catch (TLc) . JfJEW 3 H]
R U 7= Bef 2B pE 8 % 7k Primary production required (PPR) . & 5 HERE 7 /L— 7 Dfaf &%
PET D T OB T BEHE B P 5 D % DRI D R B A pE 8\ 69~ 5 BB %PPR, & HIERE S
N—T ORI LD @IS DR EORKZ XTI Lindex, HIFEDFRH AIGEIEDTE

B Psust DEFELBHATFE 2 ZIcE Lo (2-2-4-5 BHR),
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4-3 FER

4-3-1 VARGV T

FEARNT) EHETE /T A — X % Table 4-3 (T~ 3, ERELIEATICHRO S M T — # T Ecopath
FTNDNT AN LN THEITIE, BEOEEARE L TET LV 2ME LT (Table
4-7) T N T7AZARBMER T HHEE LV—T7 T, BEICBT 5T T4 X AMKGFEEZE
BSETRTF U REL ST, AVAAL T RAALT, RURAL A, FerZaid, Ho—H

EETARIMNARIEL COD ERET DI LICE VAT A% LT,

4-3-2 Ecopath &5 VO FH

T4 7Y —HEREIZ K % Ecopath E7 /L OFHIiOFEM A Table 4-7 IR LT, X7 4 7
— R 3E TN SVIE EFHI AW L AR T, 2L OEEES LV —T D B IZET 5T
#4 7V —FHliX, AKETFOGEHENT — 2 2R Lz b 0% 1| JEAEYREICL 2B O
T=H 2N b D& 2, FATEIC L DHEERE 8 & LTz, T XTOERES /V—7 D P/B
BELO OB DT 4 7 U —FfiX FishBase (& & B HEEH-C/EAT SCHR OB TH VD . AT
JEe IR PIB B X O OB 2 H T e/ V—T WHEIE Lo Toizd 7 & Lz, T3
TOBREZ V—T"D DC DT ¢ 77U —dHiilE, 5 3 ETRMEOFEMEZ £ LDl v
— 7% 2, FNUSNOTLROB T —Z 2 LT-die 7 v — 7% 3 L Uiz, iRz O»
T, BTV (6 FIR) 12361F 5 2015 4E & 2017 Foiff i, RERIS, BWIREIZET
HIEREHEZ S O N2 2, BT WK O —HOFIRCIEOFEEZ V-t o, £
TR DEOREHMELZ AN b O, ADROIE Y H—F L L TOMEHMEIZR WA &

bOMEHE TE DI N —TIZOWTITRHEZ 3 & L, BT VORBEZHhT 57
DI SN DFEEE (T XTOMREZ V— T2kt 5 EEfE. A WO PO fE. TL 18) 1X.

FARETEXDHEEINTWHHIPHN TS o 7= (Christensen etal. 2008) , PREBAL OfE R €7 /L
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DNRTUAPBENTND I EEZRLTEY, T VOHNIEETE 2 Ll S,
ET VT EEER®EMN-TeDX, 7ur 5 (093), =¥y = (090) Tholz, 71
TFoFIEFT AT TICLDMEORE, 2Ty LTI F IO AT LD
HENEEL CWEEZLND, P/Q OHEPHIE, 0.11~027 THY , #I1E7R Ecopath £7
IVDOFAEL XD 0.10~0.30 OFIPHN TH -7 (Christensen et al. 2005), PREBAL D Z Wik
RiT, TANTOELET "BAF "E720F "FEREEN "THY, ETADONT AR LEATHD

5 Z xR LTV, TXTD PREBAL Dt % Table 4-7~4-10, Fig. 4-2~4-9 |28 LTz,

4-3-3 EREHRH ) L RBENE

A AV PE M C OIS O R AR BERE X, 3.36 Th o7z, FHAli L7- 38 HpE 2 L — 7
DB 19 TN—TPRRENRTHY (Table4-2, 4-11), i b OFMRIEEREIL 1.03
t/km¥/year T o7, b SN TN N —T1T AL A A BT 042 t/hkmPyear TH Y |
BENTANZ K 0.149 thm¥year, 7 177 LA 0.09 tkm/year DINEIZZ > 7= (Table 4-11),
F7o. BARMEEEERIZBIT 2T X TOME I/ V—7HOMEBHERRE 77— 147 7
7 LT LTz (Fig. 4-10), FAf T & OS5 EME (TL) 13, X Fh 7 v i3 b i< (4.43)
~H#7(3.92), 7w (3.90) B3EE ., F a2y U Y R b ARVVE (2.98) Z7R L7z (Table 4-
3). BEREZ N — T AR DMERVEDRRE 2717 SOIEIL 022 TH YV | 5 2 O AN
WD SOIME(1985 4 0.29, 2013 4F 0.36) LV HIRVWMEZ /R LT, BREZ L — 7 T L OMERTE
4 (OI Table 4&-11)ICBAL TiX, ANAAL IR bEWVELZRL (1.21), AVAH=, =
RIERF, Ty Favu M IR BERBENPST (0), SFEICEOTHERER Kb
MoT=DIXT ATV A THY (037), # 3 BEICBWTHNEWZ5HT LB b 26
A E A L TV~ 2 T OMRIEIIT 026 ThoT-, MEEIFEN R bR~ - AT

L7 aTho7- (0.004),
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4-3-4  Mixed trophic impact analysis (MTI)
MTI DFfER, ~F Z13=v v Fovr=v RURA I, Fer& allROEDOREL:
b2 7 (Fig.4-11), £0fh, /a7 e B2 F A7 A3 a w7, 7ar s ik

B%

%

U, TAAVAFZEe FTHIC, WAFHIZ Yy a{, Ay arzr e, b7
Yaxr, /eFaxlCAOKEL 52, FLECEHEIE~Y T, YunF e Ls
0, TAHVA, AU H=, T MFTHZE, ANRTETE, RELA T, =VRT
ERF, 2y F a2, URSZADOREL XN, o= sua sy s Ry

XA, FenFa JEE FTHEIIIEDRELH T,

4-3-5 F—AM—VESTICL D08
Valls etal. (2015) @ Application of the classification tree F-{E% U 72 % — & h— U Fl 54T
T, F—Ab—rf (BT TV — A) BT MBI V—T 13580 b ) - 7= (Fig. 4-
12), A7 TY =B ITFNZNE #11), RENAATFE #H26), =F>r U I#33)., YV /
FUAXTI W34, BT T N (#H39), WM T Ry (#40) BB LT, £
AT AV —=CITITFIer= #5), 73F ¥ (#6), T hF 7T (#22), A7
EFTE (#H24), ANVAAT #25), RURAT (#28). Y1 (#32) BWELTz, ATV
IZEDREZ V=T b TR Lo Tz, O 3 EOMRNSG AT Y —B IZATE L
T 7N —IIEAEERROP CHEREAEN 7NV —TThHhDH Z L LTS, £z,
73 Y —C [HMEEE/MRAAL I~ AR V—TTh D, BAFT~YATIEHLHDD,

FU NFTHZE, ANRNTETE, RANVAAL D, IS T ESE L 75T 5,
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4-3-6 ERRITHT HEEDRE

A AHEPE SR 31T 5 %PPR EIX 7.02 % T o 7=, HEREZ V—T B %PPR X, ~ % 7
Db < (3.12%) IRWTT AA LA (1.65%) . ANV AA T (1.19%) DIETH 7= (Table
4-11),

SLIEDFREE CTd % Lindex 1% 0.012 LARVMEZ R L, Psust (X 89.6 % T o7z, Psust 1’

75 % HEHz 5 EFOWENFHEAREREEICH D L E 2 5N TW5 (Libralato et al., 2008) .

4-4 B

4-4-1 ET)\AEE

F2ECTIE~vru, 7V, U T XD ITEEE RIS ENES S8 7 L — TN EER
BB % B D723, RBEDERAEARERIZE W T, FHAROMIE S L — T3 AV A A T &R
TSN hoTe, TDOTw, 53 BTl LI BAAYREIC L 2 EIRERE, AKX
PEXS DR FHIEIZ L 2RO AJIIZHB VT, Emigration rate X° DC @ Import /35 2
— A EIFIEFHND Z L7 BT ADR LT, 7275 L, AV A A JIZBI L CiL, Import D/
TA=Z2 N TET VRN OEAEYIKFLRITIVEINT AL 52 ENTER
Mole, ZDTDANAA IO Import D/NT A—2 % 0.6 & ANS) LTz, AVAAL TIE, BE
A H11E 31 150~200 m OKREEHFITA0 L, KRIZIZKEE 50 m £ TV E9 % (Sakurai et al.
2000; Puneeta et al. 2015; #2FH 2017), —J7, ABFFEITAKIE 200~500 m D EAEAERER 2565
ELTRBY, ZOKEHETHRESND ANV AL TDELIE, RIVTH D 200 m LLEO K
WOAEMIEAF L TV D LEZ BT, RIS, 7 ARFGKER IR O E 8 Ot Gk E
& TR RKEENR > CODEEZ L—T N5, DEV | HIETHRRZF T
I (KEE 200~300m) & FERAEBKEHRELE LTNDLIH T AV A TNRF v NENHZ

T T VA DGAKEITTE T VR O KIER T X TE DL, ¥ T 1 OK%E 100~200
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m) ZERERKEFLE L TWL =20, YUunTF e, 2751 OKE300m L
W) ZERABKERELCWD Y~ Na Ty Ph, Jufu s salfur A b b
VP, T A OGHKEIZ, 4T LB ET VKRR E—BT DD TRV, Ko T,
O REORmWEIREHEE 21T O 7201013, BHRE 7 NV — T OKIER & 7 /38— T & IR0

#iPH CEIRERA, BRI 21T O L ELH D,

4-4-2 HEES N — T DRBELPE

A AV PE M C OIS O R AR BEFE I 3.36 Th o7, ZOMIFE 2 ETRLER
HOFIR I 1985 4 (3.06) & 2013 45 (3.20) LV @Eihoiz, ARE T, K 200~500m
DIEAAREREZTNCETVEERLTEY . T M T4 X AREOEIENE 2 B RUET
R E R TE L REBEBEOIRWEIEZ V—7 N2 G ENT, T b b1
VIR B BRSNS E o T il & LT, RBEFEORWANL AL B (TL=3.77) NEBESX—AT
ERFEEON 4 EO TV ENEZLLND,

ARETHRE LIHRE I NV —T O TIX, # T 05707 (TL=4.43) ORBEREN b &
Mol AHETHEENRTRLS s vnr vy (TL=3.59) #FRELTWEIENEREEZ XL
5 (Fig.3-3), IEEN Lol ra, ThHH VA, "IAZIE, BHIEORMEICZK
DY TAZ—GHNCBN TR TR S 7 T AL —IZ/ LT\ (Fig3-6), b L7 m(XHM
T TRAB=HM LT, THHVAZIYE T, Ia T T n"EINZEZIYF I s =
LRLCZ FAZ—ITR LTz, b L7 a3fEO T TRV RERMEE (TL=3.16) Z< L,
THIFZEE (TL=2.18) X MH (TL=2.00) &V ot BABFHIYZ TR LT\
CWRERT D, £le, TAH VA (TL=3.74), ~# T (IL=3.92), 7 n % (TL=391) %
KA BEME O LEHR R 2 VA B (TL=3.35) 22 <HHBEL T\ Z &M, 3 ARORHE
BRN@ENoTeEREEZ BND, "NFNF (TL=3.10) LT 7 = (TL=336) L. Y

JFUART I (TL=2.70) =K/ I (TL=2.00) &\ o =3l o/ MY ZREE %
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BE LTV IRVREBEME L o7 2 e RBIZOND, 8T T 7 P EBHEDX =
U =Y PEIHO T TR B IR RERE R (TL=2.98) Z/R L7122y, T O CIIARED
B EITD R AMOBERE T N — T B2 DB/ Iholeled, F—A h— g C
bAT AV —CAHHEIC T vy hElz, L LM b, KET OGN - 828R A
BEINTWVD Y UNTFRERLTND I LD (Table 3-3), F =7 Uy OEJFERHMIL
VONFOEMER LR EZ D FTEETH D,

BYREROMEM S CTH D SOl EAMRVMEA R L2 2 &1d, A AMEREHIERE 7 /L
DIERE T N—T DL D3| REEBEORWIEAEFHIM TH L Z LICTERNT L, AVAA
A DOMERIRB N @ o7 Z LIZH LTI, ~Z g (TL=3.10), F=v =Y (TL=2.98),
RENA T (TL=335), ¥/ FoAFT I (TL=2.70), =K v/ I (TL=2.00) 72&, #
RORBEBEDOEMZEESHEL TWEZ EREREZ 2 OND, vXTI3E 3 HEILE
WT 14 FEDMBEOT Thie b 2% < OO AEM & LT eny, M8 (0D 13025
ThoTc, ZIHERIEED A OFEEOZL S TIER L | fHEM O REBRRE DL 2R
LTWD Z LI#RT % (Libralato 2008), FEIZIRWT, K bMERIELDME>T-DidE
L7aThot (0.004), ZAIUIZERE (TL=2.18) L AZH (TL=2.00) &\ o7t

DIFWEAAEY O R ZHE L T2 Z ERNERTH 5,

4-4-3 ARFRY U =I5

HEWMERROA 37 FERT MTI OFRRERD L, ~F ZI3HEE & LT < 0
REN—TICADEEE 5 2 T\ iz, £i2, /a7 BT A7V FI3R 2 A xR
BILOHAML LT/ unr v FICADREE, 7u 7 U FidadE & LT BRI, T
ArAb7Fe NTHICADREL 52 T, KOEMRNSL < OKEEERMICADR
Bh G2 TOIeH, KOE M/ NSRBI 2 L2 R T 2 BB O A ZIf

BT, RS D, FenFa JEe M7 HREDOHKERELEMEICHS L TIE

97



DEBLEH 2 DR Lol B2 NS,

F— A b= FIHT D Classification tree #4513, AERERN TOAEMFEZ & OALEST & Al
6922 &M TE, MEREBRLO L O 2 BN RBR AL O AR RICH T 5 ESIRESR
WOFAEZRNT S LT, COMEI N —TIZHEBTRENL VI BEICB W TRICT
(Harley 2011 ; Valls et al. 2015), Valls etal. (2015) ([Z&iE, »7 3TV —BIZET 5
(X, BRYMOHR CEEREAY L L TOREZHS>TWD, BT TV —BIZE LR Z LA
B, =AU YT UART T HAREBBIZITS ZLnh, REOHY T T
I MK o THESNTEAEYM ZMEaOEALEBRICHEH/L TN LEEZOND
(Sugisaki et al. 1991; Nakagawa et al. 2003; Watanabe et al. 2006), X > T, Z 3 FEOEEY

DEREDOEIIZN S ZFIM L TV D KEREMO G EIZZET 5 wREME S,

e

7

VLR D & 2D 3O AL L TV D HEEE 7 /L — T3 ERE OB A PEITIRIE L,

FNAT v T ay br— VO TRTWVWEF A D,

77 A Y —C I DMK R TEN Z £ 1D (Valls et al., 2015), #7 U —C TR
LoV A0 T HTE, YA FFEICHARFCAER L, HRICHTH A DN
W LU VEEAEMOE =4 Y 7 EkE A S TIER VO T, o ARBROR X
DLy RUZXRDERPBENLTWD ORI S 2018), BREEE OWFHFEAEML » RU X K~ (B8R
B 2017) (TRIEARINIZTND THY . L2 OFmADEPLHIS ATV, BA
VTGO TH B TR DU & D728 > TS Z L b BARHERE A KBSEE L, G

IZRRBES NTeAMD L AT 2 Z S IC KV MBOAREREHMREF L TWD UhEH 2007),
LoT, F—AM—UF0HT (Classification tree F95) 1X, HAWEDO L v KU R hOIERIZ

—EDKREN S Z LN TE L AREMENH D,
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4-4-4 JFELERRONT

A AWEVE SRIEIRE 7 VZH5 1T D %PPR (7.02 %) X, AR RIEE T v D %PPR (1985
4 18.86, 2013 4 15.57) DL T Tholz, ThiE, HEMREET VLT 5 &
A AU VOV e 7 L TIE—IRAEE ISR T D ESRAEM ORI MBI G0/ S W & 2R
LTW5, LnL, KRET/VITEAMICIEAEED ZRIG L LTWDZ Lnb, R ORE
DRENZENTE ST AR D ZE DR 4 WV T2 Z LIFEE LUy,

BRE 7 V—"T R %PPR D L 3 FECThole~ T, THH VA ANV AL TITKERR
LLTHETHY, INHOMMENL O—RAEEIIKZADLNTND Z LRSI, £,
THETGRT T VA NEANE Y TINTF I EORBIEOBREIL, AR ICERETSCPE
RO T=DEET 2 Z L3 b TWD (A 1974 R8PS 1997; HF 1999; FIAL 2011),
F DT AT D 2 WITREMEOEAEM OFIE D ERA-T 2 aTRetEd E < | Afafd
DAEPER XA D BYRREE R FEHINC LD 2T 5 2 ENEZ D, AWFSETITKE 200~
500m #CTD 5 H & 6 HOFERTRD % FIWTZA | KEO@EWERRRET L OED 20
WZIE, MG DR 7 NV — 7 ONZFEZ il LI A RZEMEZ GO ORENLELEZD
N5,

ARFZECTlE. B ASUE PG FYER 0O JE F B3I O W TR Lindex B & B\ Psust TEAMS 53T
BY | KO EAEER IV THRENRRR TR L~V TH DL T DRI, Lol
BT — 2 DO E DL LT LIcifgRE T — 2 1%, 1R S V7RI R REo K 85507
YA AU T ORERNZFEORFERLZATELT, TNORRET VT K HEMABIEDT
ST 2 ATRB PRI E T E 2\ CRIRF S 2016), 7272 L, ABFE CTIXEROMET — ¥
EERICET VAR LIS Enn, BIZRERET — 2 OXZx HWEET LR bEn
HEOETNVPHEETELEEZ TN D,

HERERET NV Th D EWE ZMET H7-0DI2IE, Mix AEWT —5, EReT — & 1R

._f\
AR E BB LT HOT, T2 OE L BIZL D ARERICKT D IEED BN R T
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ORI R E S ET D, L LMD, Ecopath =——D%k & i S0 b AUk 121 2. T
BO., TERHEHOERTEY | Ecopath EFNVOHADREE LM ETLLEZHBND,
S 51T, Ecopath E7 V% 15 & LTIHFMZBMNTE 5 5EBAE T /LD Ecosim, Ecospace,
Eco tracer Tl¥, WFERIET — ¥ ZHAHGAT Z LN TE 5, FERMICIE, AARIZEBWTHK

PEIRFHImIC AERERET ANER SN D Z NI S D,

(Oﬂoo

. Sea ofJapan ”0

Fig. 4-1 Study area, western part of the Sea of Japan. The model area (yellow) was from bathymetry depth

0f 200 m to 500 m, covering 31316 km?. Black dots show the locations of otter trawl sampling
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Fig. 4-2 Pre-balance diagnostics (PREBAL) in western part of the Sea of Japan based on Link (2010).

Trophic decomposition (trend line) showing the level of decline in biomass (B) with increasing trophic level

(log scale). The trophic levels increase from left to right. This figure corresponds to diagnostic criteria 1-3

in Table 4-7
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Fig. 4-3 Pre-balance diagnostics (PREBAL) in western part of the Sea of Japan based on Link (2010).

Trophic decomposition (trend line) showing the level of decline in production per biomass (P/B) with

increasing trophic level (log scale). The trophic levels increase from left to right. This figure corresponds

to diagnostic criteria 7 and 8 in Table 4-7
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Fig. 4-4 Pre-balance diagnostics (PREBAL) in western part of the Sea of Japan based on Link (2010).

Trophic decomposition (trend line) showing the level of decline in consumption per biomass (Q/B) with

increasing trophic level (log scale). The trophic levels increase from left to right. This figure corresponds

to diagnostic criteria 7 and 8 in Table 4-7
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Fig. 4-5 Pre-balance diagnostics (PREBAL) in western part of the Sea of Japan based on Link (2010). Vital

rates (log scale) expressing trophic decomposition (trend line) of respiration per biomass (R/B) with

increasing trophic level. The trophic levels increase from left to right. This figure corresponds to diagnostic

criteria 7 and 8 in Table 4-7
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Fig. 4-6 Pre-balance diagnostics (PREBAL) in western part of the Sea of Japan based on Link (2010). Vital

rate ratio (log scale) compared with the primary producers. The trophic levels increase from left to right.

This figure corresponds to diagnostic criterion 11 in Table 4-7
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Fig. 4-7 Pre-balance diagnostics (PREBAL) in western part of the Sea of Japan based on Link (2010).

Trophic decomposition (trend line) showing the level of decline in production per consumption (P/Q) and

production per respiration (P/R) with an increasing trophic level (log scale). The trophic levels increase

from left to right. This figure corresponds to diagnostic criterion 12 in Table 4-7
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Figure 4-8 Total production and removal, scaled to the full ecosystem, comparing internal flows in western

part of the Sea of Japan. The trophic level increases from left to right. This figure corresponds to diagnostic

criteria 13—15 in Table 4-7
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Figure 4-9 Flows relative to external removal in western part of the Sea of Japan. The trophic level increases

from left to right. This figure corresponds to diagnostic criteria 16 and 17 in Table 4-7

108



Tanaka's eelpout

o
4 - Pacific cod Schoolmaster gonate squid
Eiredsnaifist . O~ Flathead flounder Stubby squid
Darkfin sculpin Black Eelpout (o} Pointhead flounder 5 5 o o
o o) . Golden Skate Japanese Flying Squid o Octopus
Porous-head eelpout Oesiopaiglh 2 Pacific herring
o = = Lumpfish O Firefly squid
3 Rough snailfish Sandfish Black edged-fin eelpout Blackfin flounder: Y89
(@) ° S, Japanese pearlsides
Kurozako shrimp  Spiny lebbeid Morotoge shrimp
o Op=ste o o o
i Alaskan pink shrim
Togezako shrimp, < | Crangons Euphausia pacifica 3 P
Polychaeta
2 Bivafjes O Neptunea intersculpta  Snow crab
o O o o o p—
Themisto japonica Buceinum tsubai Amphipoda Buccinum striatissimum
Goginikton Brittle star

1 Phytoplankton O Detritus

Fig. 4-10 Flow diagram of western part of the Sea of Japan. Circle sizes indicate biomass (on a log scale)
of functional groups. Widths of the lines show magnitudes of flow between prey and predator functional

groups. Numbers on the left side indicate the trophic levels
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Fig. 4-11 Matrix of total mixed trophic impact (MTI) in western part of the Sea of Japan. Black filled

circles show negative impacts and unfilled circles show positive impacts
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Fig. 4-12 Application of the classification tree according to Valls et al. ~ (2015)  to western part of the Sea
of Japan food web. The scatterplot of functional groups shows the log-transformed biomass on the x-axis,
and the log-transformed trophic impact  (in squared values; ?; )  on the y-axis. Each point is a functional
group in the model, identified with a group number and a group name ~ (indicated in the legend) . The five
group categories are keystone  (category A) , high-impact and high-biomass (category B) , low-impact
and low-biomass (category C) , low-impact and high-biomass (category D) , and intermediate (category
E) . The five categories were defined by the first quartile  (Q1)  and third quartile (Q3) for both the

log-transformed biomass and the log-transformed trophic impact
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Table 4-1 Functional groups and representative species

# Japanese name Functional group Representative taxa
1= Pacific herring Clupea pallasii
2w LT Pacific cod Gadus macrocephalus
I NTA Oweston sting fish Sebastes owstoni
4 v~ a7 HYH  Darkfin sculpin Malacocottus gibber
ST r=r Rough snailfish Careproctus trachysoma
6 T NNF Barred snailfish Crystallichthys matsushimae
VA=Y Porous-head eelpout Bothrocara hollandi
8 rurny Black eelpout Lycodes nakamurae
95>y Tanaka's eelpout Lycodes tanakae
10 7 =247 Black edged-fin eelpout Petroschmidtia toyamensis
11 NHEAH Sailfin sandfish Arctoscopus japonicus
12 Y UNTF Pointhead flounder Cleisthenes pinetorum
BeLsnm Blackfin flounder Glyptocephalus stelleri
14707 vA Flathead flounder Hippoglossoides dubius

15221 by
16 7 A~FH

17 XU A H=

18 ﬂ?:‘?UIy

19 KyarsT7hxe
20 AV oz

21 7e¥axzy

2ERr NTATE

23z Vya

24 A NTFETE
25 AL AA K

26 R XA TIHE
27 RAA

28 R R A T

29 FemHa

30 =Y ARTERF
3l ZyTF =2 A
32 A
B=krvIJ
34y ) FvAxT
35 gaxt

36 7Eb M
37 ZHEA

38 ZEH

Siberian lumpsucker
Skates

Snow crab

Japanese pearlsides
Alaskan pink shrimp
Togezako shrimp
Kurozako shrimp
Morotoge shrimp
Crangon

Spiny lebbeid
Japanese flying squid
Firefly squids
Schoolmaster gonate
Stubby squid
Octopus

Neptunea intersculpta

Buccinum striatissimum

Buccinum tsubai
Themisto japonica
Euphausia pacifica
Amphipoda

Brittle stars
Bivalves
Polychaeta

Eumicrotremus asperrimus

Bathyraja smirnovi, Bathyraja bergi
Chionoecetes opilio

Maurolicus japonicus

Pandalus eous

Argis toyamaensis

Argis lar

Pandalopsis japonica

Neocrangon sagamiensis

Lebbeus groenlandicus

Todarodes pacificus

Watasenia scintillans, Enoploteuthis chunii
Berryteuthis magister

Rossia pacifica

Benthoctopus profundorum

Neptunea intersculpta

Buccinum striatissimum

Buccinum tsubai

Themisto japonica

Euphausia pacifica

Stegocephalus inflatus

Ophiura sarsii, Ophiura kinbergi, Ophiura leptoctenia
Yoldia similis, Portlandia japonica, Nuculana robai
29 species from Yokoyama and Hayashi (1980a)
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Table 4-2 Catch, biomass estimates, and catch rates calculated using data from MAFF fisheries statistics
(https://www.maff.go.jp/e/data/stat/) and the Fisheries Agency's stock assessment
(https://abchan.fra.go.jp/hyouka/backnumber/)

Catch (t/km’/ year) Biomass (t/km’/ year) Catch rate (%)
1 Pacific herring 0.0006 0.002 30
2 Flathead flounder 0.090 1.728 5.2
3 Blackfin flounder 0.016 0.054 28.8
4 Pointhead flounder 0.070 0.245 28.6
5 Sailfin sandfish 0.149 1.146 13.0
6 Porous-head eelpout 0.002 0.635 0.3
7 Tanaka's eelpout 0.002 0.064 2.5
8 Pacific cod 0.059 0.143 41.5
9 Japanese flying squid 0.420 1.342 31.3
10 Alaskan pink shrimp 0.060 0.399 15.0
11 Snow crab 0.092 0.609 15.1
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Table 4-3 Basic output estimates of 41 functional groups in western part of the Sea of Japan. Input values

are shown in bold text and estimated values by Ecopath in plain text

Functional group TL B P/B O/B EE P/O catch
1 Pacific herring 3.70 0.002 1.00 5.50 0.937 0.18 0.0006
2 Pacific cod 3.92 0.143 0.48 2.30 0.852 0.21 0.059
3 Oweston sting fish 3.46 0.032 0.18 1.70 0.000 0.11
4 Darkfin sculpin 3.68 0.085 0.18 1.70 0.000 0.11
5 Rough snailfish 3.36 0.216 1.00 5.00 0.002 0.20
6 Barred snailfish 3.85 0.001 0.22 2.00 0.000 0.11
7 Porous-head eelpout 3.59 0.635 1.17 6.77 0.993 0.17 0.002
8 Black eelpout 3.91 0.191 0.22 2.00 0.319 0.11
9 Tanaka's eelpout 4.43 0.064 1.00 5.00 0.031 0.20 0.002
10 Black edged-fin eelpout 3.03 0.252 0.22 2.00 0.241 0.11
11 Sailfin sandfish 3.10 1.500 0.75 3.80 0.882 0.20 0.149
12 Pointhead flounder 3.76 0.245 0.57 3.80 0.501 0.15 0.07
13 Blackfin flounder 3.16 0.054 1.00 5.00 0.357 0.20 0.016
14 Flathead flounder 3.74 1.728 0.42 4.20 0.124 0.10 0.09
15 Japanese pearlsides 2.98 2.000 1.50 6.00 0.653 0.25
16 Siberian lumpsucker 3.54 0.047 0.30 2.30 0.000 0.13
17 Skates 3.53 0.212 0.51 2.53 0.000 0.20
18 Crangons 2.72 0.500 1.50 6.50 0.153 0.23
19 Snow crab 2.00 0.609 0.80 5.85 0.191 0.14 0.092
20 Alaskan pink shrimp 2.76 0.399 1.25 5.00 0.240 0.25 0.06
21 Togezako shrimp 2.76 0.070 1.25 5.00 0.711 0.25 0.006
22 Kurozako shrimp 2.76 0.045 1.25 5.00 0.995 0.25 0.0015
23 Morotoge shrimp 2.76 0.003 1.25 5.00 0.270 0.25 0.001
24 Spiny lebbeid 2.76 0.003 1.25 5.00 0.268 0.25 0.001
25 Firefly squids 3.35 5.000 2.44 12.00 0.628 0.20 0.01
26 Japanese flying squid 3.77 1.342 2.44 12.00 0.128 0.20 0.42
27 Schoolmaster gonate squid 3.81 0.333 2.44 12.00 0.009 0.20
28 Stubby squid 3.81 0.017 2.44 12.00 0.000 0.20
29 Octopus 3.81 0.035 2.44 12.00 0.000 0.20
30 Neptunea intersculpta 2.00 0.068 1.81 8.00 0.162 0.23 0.02
31 Buccinum striatissimum 2.00 0.066 1.81 8.00 0.168 0.23 0.02
32 Buccinum tsubai 2.00 0.015 1.81 8.00 0.358 0.23 0.01
33 Bivalves 2.00 2.000 1.47 12.00 0.164 0.12
34 Themisto japonica 2.00 5.852 11.12 44.50 0.590 0.25
35 Euphausia pacifica 2.70 6.411 11.12 44.50 0.590 0.25
36 Amphipoda 2.00 0.146 11.12 44.50 0.590 0.25
37 Brittle star 2.00 10.000 1.22 5.00 0.123 0.24
38 Polychaeta 2.19 5.000 1.00 5.00 0.305 0.20
39 Zooplankton 2.00 22.525 16.00 61.54 0.590 0.26
40 Phytoplankton 1.00 45.112 64.21 0.610
41 Detritus 1.00 10.000 0.043
Sum 1.03

TL trophic level, B biomass (t'’km?), P/B production/biomass (/year), /B consumption/biomass (/year), EE

ecotrophic efficiency, catch (t/km?/year) for each functional group.
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Table 4-4 Data sources for other parameters of each functional group in western part of the Sea of Japan.
The numbers indicate the reference used. 1: FishBase (https://www.fishbase.de). 2: MAFF fisheries
statistics (https://www.maff.go.jp/e/data/stat/) and fisheries stock assessment
(https://abchan.fra.go.jp/hyouka/backnumber/). 3: Yonezaki et al. (2016). 4: Skaret and Pitcher (2016). 5:
Watari et al. (2018). 6: Booth et al. (2020). 7: Chapter 2. 8: Chapter 4. Empty cells indicate that values were

calculated by Ecopath

Functional group
1 Pacific herring
2 Pacific cod
3 Oweston sting fish
4 Darkfin sculpin
5 Rough snailfish
6 Barred snailfish
7 Porous-head eelpout
8 Black eelpout
9 Tanaka's eelpout
10 Black edged-fin eelpout
11 Sailfin sandfish
12 Pointhead flounder
13 Blackfin flounder
14 Flathead flounder
15 Japanese pearlsides
16 Siberian lumpsucker
17 Skates
18 Crangon
19 Snow crab
20 Alaskan pink shrimp
21 Togezako shrimp
22 Kurozako shrimp
23 Morotoge shrimp
24 Spiny lebbeid
25 Firefly squids
26 Japanese flying squid
27 Schoolmaster gonate squid
28 Stubby squid
29 Octopus
30 Neptunea intersculpta
31 Buccinum striatissimum
32 Buccinum tsubai
33 Bivalves
34 Themisto japonica
35 Euphausia pacifica
36 Amphipoda
37 Brittle stars 8
38 Polychaeta 8
39 Zooplankton
40 Phytoplankton
41 Detritus 8

P/B Q/B EE P/O Landings
2
2

NN NN
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Table 4-5 References of diet composition for functional groups

Group name

Reference

1 Pacific herring

2 Pacific cod

3 Oweston sting fish

4 Darkfin sculpin

5 Rough snailfish

6 Barred snailfish

7 Porous-head eelpout
8 Black eelpout

9 Tanaka's eelpout

10 Black edged-fin eelpout
11 Sailfin sandfish

12 Pointhead flounder

13 Blackfin flounder

14 Flathead flounder

15 Japanese pearlsides
16 Siberian lumpsucker
17 Skates

18 Crangon

19 Snow crab

20 Alaskan pink shrimp
21 Togezako shrimp

22 Kurozako shrimp

23 Morotoge shrimp

24 Spiny lebbeid

25 Firefly squids

26 Japanese flying squid

27 Schoolmaster gonate squid

28 Stubby squid
29 Octopus

V)11 5 (2000)
Abookire et al. (2007), LI 5(2008),/]MH & (2017)
Nagasawa (1993), /INAH 5(2017)
Yang (2006)

LN 5(2008)

(LN 5(2008)

LY 5(2008)

LN 5(2008)

ILIN % (2008), Choi et al. (2013)
LA 5 (2008)

)1 5 (2000), Kang et al. (2019)
WIS (1949), 7)1 5 (2000)

LA (1949)

WA (1949). WEF S (1994), )15 (2000), LA 5 (2008)
Ikeda et al. (1994)
Gordeev et al. (2021)
Orlov (1998)
F25(1993)

% (1967), Divine et al. (2017)
FE(1993)
F57(1993)
F5(1993)
FE7(1993)
F57(1993)

K- I (1997)

KL« A5 J5((1988)
Hunsicker et al. (2010)

Gardiner and Dick (2010)
Gardiner and Dick (2010)

30 Neptunea intersculpta Yamakami and Wada (2022)
31 Buccinum striatissimum Yamakami and Wada (2022)
32 Buccinum tsubai Yamakami and Wada (2022)
33 Bivalves E15(2012)
34 Themisto japonica Sugisaki et al. (1991)
35 Euphausia pacifica THE 5(2002)
36 Amphipoda Guerra-Garcia and Tierno de Figueroa (2009)
37 Brittle stars % FH (1988)
Fauchald and Jumars (1979); Yokoyama and Hayashi (1980);
38 Polychaeta H (1983)
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Table 4-7 Data quality ratings (“pedigree”) for western part of the Sea of Japan models parameters. Ratings
scale from 1 (highest data quality) to 8 (lowest data quality). See Table 2-13 for a detailed explanation of
the ratings (source: Aydin et al. 2007, Table C-27)

Functional group B P/B O/B DC Catch
1 Pacific herring
2 Pacific cod
3 Oweston sting fish
4 Darkfin sculpin
5 Rough snailfish
6 Barred snailfish
7 Porous-head eelpout
8 Black eelpout
9 Tanaka's eelpout
10 Black edged-fin eelpout
11 Sailfin sandfish
12 Pointhead flounder
13 Blackfin flounder
14 Flathead flounder
15 Japanese pearlsides
16 Siberian lumpsucker
17 Skates
18 Crangon
19 Snow crab
20 Alaskan pink shrimp
21 Togezako shrimp
22 Kurozako shrimp
23 Morotoge shrimp
24 Spiny lebbeid
25 Firefly squids
26 Japanese flying squid
27 Schoolmaster gonate squid
28 Stubby squid
29 Octopus
30 Neptunea intersculpta
31 Buccinum striatissimum
32 Buccinum tsubai
33 Bivalves
34 Themisto japonica
35 Euphausia pacifica
36 Amphipoda
37 Brittle stars
38 Polychaeta
39 Zooplankton
40 Phytoplankton
41 Detritus

NN

N I N B e B B B B N B e BN N N S e B BN N BN SN RN N N N BN BN e N N BN B e B N B e
W W W W W W W W

N B B N B B N B I B B N B B B e U B B B e I B e B e N B B B N B BN BN BN RN |
W W W W W W W W W W W W W W W W W W W W W W W W W W WDHN NN NDDNDDNDDNDNDDNDDDNDDNDDNDDNDDND
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Table 4-8 Summary of the pre-balance diagnostics (PREBAL) for western part of the Sea of Japan (source:

Link 2010, Table 1-5)

Diagnostic criterion Diagnostics

Figure or table

Good  Acceptable Caution

Class of diagnostic: Biomasses across taxa/TLs
1 Biomass should span 5~7 orders of magnitude (4
2 Slope (on log scale) should be 5~10% decline Figure 4-2 v
3 Taxa notably above or below slope-line may need more attention v

Class of diagnostic: Biomass ratios
Compared across taxa, predators biomass should be less than that of (1
relative to) their prey
Number of zeroes indicates potential trophic difference between predators
and prey
Compared across taxa, ratios indicate major pathways of trophic flows (e.g.
benthic vs pelagic)

Table 4-9 v

Class of diagnostic: Vital rates across taxa/TLs
7 Normal biomass decomposition of P, O and R Figure 4-3, (4

8 Taxa notably above or below trend merit further attention 4-4, 4-5 v

Class of diagnostic: Vital rate ratios
Compared across taxa, predators' P/B, O/B and R/B should be less than 1
relative to their prey

Number of zeroes indicates potential trophic difference between predators Table 4-10

10 and prey

11 P and B relative to PP approximate TL Figure 4-6 v
12 Compared across vital rates; P/O's or P/R s near 1 merit reevaluating Figure 4-7 v

Class of diagnostic: Total production and removals
Total, scaled values of P, O and R should again follow a decomposition with
increasing 7L .
14 Consumption of a taxa should be less than production by that taxa Figure 4-8
15 Consumption by a taxa should be more than production by that taxa
16 Total human removals should be less than total production of a taxa

Figure 4-9

ANA N NN

17 Total human removals should be compared to consumption of a taxa

B: Biomass, Q: Consumption, P: Production, PP: Primary production, R: Respiration, 7L: Trophic level
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Table 4-9 Biomass ratios corresponding to diagnostic criteria 4~6 in Table 4-8. TL: trophic level. Top
predators include Pacific cod and Tanaka's eelpout. Small pelagic fishes include Japanese pearlsides, sailfin
Sandfish, and firefly squids. Demersal fishes include black edged-fin eelpout, blackfin flounder, rough
snailfish, Oweston sting fish, skates, Siberian lumpsucker, porous-head eelpout, darkfin sculpin, flathead
flounder, pointhead flounder, Japanese flying squid, schoolmaster gonate squid, stubby squid, octopus,
barred snailfish, and black eelpout. Benthos include snow crab, Neptunea intersculpta, Buccinum
striatissimum, Buccinum tsubai, bivalves, amphipoda, brittle star, polychaeta, crangons, Alaskan pink
shrimp, togezako shrimp, kurozako shrimp, morotoge shrimp, and spiny lebbeid. Zooplankton include

zooplankton, Themisto japonica, and Euphausia pacifica. The same categories were used for Table 4-10

Predator / Prey Biomass ratio
Top predators / Small pelagic fishes 0.024
Top predators / Zooplankton 0.006
Small pelagic fishes / Zooplankton 0.244
Zooplankton / Phytoplankton 0.975
Small pelagic fishes / Phytoplankton 0.238
Demersal fishes / Benthos 0.223
Small pelagic fishes / all fishes 0.602
Demersal fishes / all fishes 0.384
Top predators / all fishes 0.015
Top predators / Demersal fishes 0.038
Benthos / Zooplankton 0.700
TLA / <TL3 0.002

Table 4-10 Vital rate ratios corresponding to diagnostic criteria 9 and 10 in Table 4-8

Predator / Prey Production ratio Consumption ratio Respiration ratio
Top predators / Small pelagic fishes 0.008 0.008 0.045
Top predators / Zooplankton 0.0003 0.0003 0.002
Small pelagic fishes / Zooplankton 0.033 0.040 0.041
Zooplankton / Phytoplankton 0.171

Small pelagic fishes / Phytoplankton 0.006

Demersal fishes / Benthos 0.305 1.667 0.866
Small pelagic fishes / all fishes 0.716 0.678 0.690
Demersal fishes / all fishes 0.278 0.317 0.279
Top predators / all fishes 0.006 0.006 0.031
Top predators / Demersal fishes 0.021 0.018 0.111
Benthos / Zooplankton 0.042 0.011 0.019
TLA / <TL3 0.00004 0.0003 0.002
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Table 4-11 Values of %PPR, catch and omnivory index (OI) in western part of the Sea of Japan for each

fisheries functional group

Group name PPR/TotPP (%)  Catch (t/kmz/year) Omnivory index

1 Pacific herring 0.002 0.001 0.01

2 Pacific cod 3.121 0.059 0.26

7 Porous-head eelpout 0.010 0.002 0.17

9 Tanaka's eelpout 0.106 0.002 0.19
11 Sailfin sandfish 0.209 0.149 0.08
12 Pointhead flounder 0.529 0.070 0.12
13 Blackfin flounder 0.081 0.016 0.004
14 Flathead flounder 1.648 0.090 0.37
19 Snow crab 0.014 0.092 0
20 Alaskan pink shrimp 0.072 0.060 0.44
21 Togezako shrimp 0.007 0.006 0.44
22 Kurozako shrimp 0.002 0.002 0.44
23 Morotoge shrimp 0.001 0.001 0.44
24 Spiny lebbeid 0.001 0.001 0.44
25 Firefly squids 0.021 0.010 0.12
26 Japanese flying squid 1.187 0.420 1.21
30 Neptunea intersculpta 0.002 0.020 0
31 Buccinum striatissimum 0.002 0.020 0
32 Buccinum tsubai 0.001 0.010 0

Total 7.017 1.030
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5-1 IRFEIRAERER L RBIEAATBRET L DLk

ABFFETIE, DB AN IERET — & oA I AN i S T 2 ST IR = D AL RESR
FOFEBRIENE @REITONHAET — % SEAE AFTE 2 B AR O KA 4
WIRESRIZ DT JRIERERET — & & JEHEIC Bcopath 7 V2L L, ERRA PL L Lz
WA EREE A RAT UTo, B 2 TECIIOKER 240 m IR O RERIFIR Yk, B3 &, B4 =
T B AT SO KPR 200~500 m DOTRMEOEAAERER 2R L Uiz, IR RET
(X, KA R T 2O A A xt G & LTl ek & MRICART Xy R A& H
e LERAERRZOESOZEME LTET MU Lz, —J7, BAVEE TR CIREAEE
BRDH ) WoTo, ZDIZDIZ IRFRETRBIE TIIE B2 OMEL AT 48R L
Ipolz, T T, ETREOETIN: & AWAEFERKIEIC OV T, MARER M ORI % i L
720N,

s

po

AR TIE, Z7r~raeth U7 77U Lol RO ABMEREN R TN D
ALRE D E TREL TR0 | FHINRE T VERA~OB AL L CEWERE T 2]
HLTWA, ZOX5RAEMOBIH AL, I LA, BFIRIE, ZH, ATG RS, B
BRI DI IR S S N D, AENHR R O /KA TlE, MUF40 LT 10~25°C
DO TIREZLR A B D (B 2000), F£72. FEKAFEBICAER T 2 AEHET, [BhF
PE, EANEZ DT L < D3 A R TR S LD, F T R AR T HIERIRRE (LIS FE 5 KR D
ERICRY ARREIICIIRL TV Z En@mEShTnd (Masuda2008), ZD & 9512
IR ClE, AMBHEMBERFH NS D WITEL L HICRES AT D E NI HEEFF
STEY, 2 BCTHMLLELIICL Y=L 7 MCHREICA BN D BREEAE OB A iR
KZFHZTENLroT,

—Ji. AR VEER R OV O KGRI, AR A0 LT 0~5 °CRREE O T L v bt

LRI 5 & LERARMEOKIREREE L 72 % (R 2000), AKIEME < | IR LD
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INEWWZ LI, B HRO RBELO SR MEAFEA KR 200 m LURIZ[EET 5 2 & 2851 T
%o Theboh | RIEEII L L 0 R &R T A 1T 7  fERE K U D HER D
7= O AMEVMEIZ 8 5 (Seibel and Drazen2007), Z v, EFHEH 70 O REE RS
O/B 13, TR DOIERE 7 /L — 7 OFFAIZ B W T, BB e 7 L OERIHE D £ H 1 D
HIRWZ LB TS (AT 1E 1.70~6.77, #%H1%2.38~12.75), HEOIEKIRBIZAL
T2 EAMEI XA O L 0 BEAENMEW E S b TS (Drazen & Sutton 2017), £
7o, WEAII I, EanEL, JE - EABEL , BRI BEVY (Morato et al. 2006)
KR TR KR 0 A8 O R AME < | BR D523 E )y (Drazen and Seibel 2007; AFT
2009), Z DX D ITHIRNLTE LIARKIRERE ORI A ARER & AAMIN, ZH1, S
DITHEZ ST - ALFRED R E BT DINEHARRR ClL, B2 w7 b CET
INOIEARREE L Z DR EEZXDNLERD D,

IR EIERE R L VRIS AE AR R TR & < B DRI, = RLF—DAEFE L BE)O A

= AXLN@ %, Ecopath T /VTIX, 1 WAEKEZEZT 7 4 /0 b THEBIICRE TE 5, hE

o

B AERER Tl AKEEICBT 2T T v 7 b U ERESBIEOT Y 2 RS HER) 72 A &
725, BEIIIEAMEEIZ L2 —RAER L EEND, D DR RAEFEITINZ T,
Edo@Ey s~ ra, hUT TV 2 EORBENE A FHIRNICIN RO £ 7V ZER O 4
WHERE S 2 RIHT 5 2 L vD . Ecopath 7 /L TIIAMERE /L — F D/ERe T — 2 LEEANS
YAZL LI, RN F— (N AT R) OHAY v =27 VTRIE LTz, thoZ < 0%
HERET LTI, AR L EAERREZNNT TETAZMEL, MiFL I EHEGIE
% e ZAITHEEN H 503, Ecopath £ 7 /WEIZERIZBIT 2AEMED~ ANT LV AET L TH
52 b, FHTIRRFET LV TIE 2 OMEALZE T 20 5E(T e > 72, Colletal. (2006)
13, MU R Z 51T Ecopath &7 /L AAEEE L H KA RUEDS I AE O BPEVE ) & fl
T 5 2 LI K DA RER-EAARRR OEBER O EEM 2 HE L TV D,

DRI/ RERIT, MBIEICHERE L7727 U 2 A2 Bl & T DM EE 2 A L, £<
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DTEMFEARFTRIC & & F 0 ARERH A I 24 L > T\ D, Lol BRI
filf 72 & DOATEFE N RIS L CARKER 2 £ 2 2 HFE /072 < 720 (Carrasson and Cartes
2002; Drazen and Seibel, 2007; Fernandez-Arcaya et al., 2013; Neat and Campbell, 2013), # 3 &
THTEEEBY, RFEREEEROLTE LIERE F THoTH, BIZIE, ~"NINF, Th
A Y ONF 2 EITPEIN 2 A AERE T DV KR 200 m DA~ E) LERER & pEDR &2
79 (LIRS 1999;AH 5 2006, AKFT 2009;Af 2021), RIEAERREZ MR LT H5HEICEH
WTH, DO RNIOFEH R IREBEN 2 ET L OHRIZIEL KT 22 &1L, ET LD
HELEDD ECEHERRA L MeBZALND, SHITAFRETIE, VY /o FFxFT7 I, =
R U RENA TR EONERAEY O A RS E ) (Sugisaki etal. 1991; Nakagawa
etal. 2003; Watanabe et al. 2006) DO EZEMERH SN/ o7z, T b DEEEVEWIZ, v~ 47X
THH VA Te L L OEABBITIHRE S, KE TEE S WY % EHRIE ik
T HEEN 2RI LTz, ARSI 2 T RER O Ecopath £ 7 /LTl iRl HE
REG AT, BERBEONA A~ RIY ) F U AFT I, =FhruI /I, R¥L
AT DEWREITBEZ 52 TND LIESND, RIIFEICBNT, 777 M DEERS
W77 7 b DA A~ ALX, Boothetal. (2020)? P/B. Q/B. EE % 5|H L. Ecopath &
TIVTHEE SETWD, AARME PRI ALE 2 RAIHETIE, Y/ F oA %7 I L=k
U INFEEREYT T b THY | KR S OFENECPREY T T 7 oD
TN—Ih, TLTEMT T 07 N OSMICERE L TWD RIS 1999), 4%, 7 7
A M =2 K DWiEAKIRO T — 5= CTD FIZ K 2 MEBREET — 2 OIEIC K0 7T v 7
R OBEREZ R L, AR ET MICHAADIE, ETLVORBEE I SLIZm ESE5 2 &0

TE %,
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5-2 Ecopath &7 /L D&

T TIZHARTEZ LB EEGRFOEIIZB W TL, (EROFE Z & DXt (Ludwig, 2002;
McAllister and Kirchner, 2002) 7>, FERHSCAZRE R OFH AAFH OBIHENE: 2 25 8 L 72 045872
ERERICHAS S FHA~EBITT 20487235 5 (Browman and Stergiou, 2004; Pikitch et al., 2004) ,
Ecopath &7 /L%, @GR EERREHEZ BIE L CTHAT TR b =TT L Th
%7 (Craigandlink 2023) . H A TOZEH]ITZ < 72\, Ecopath &7 /L OREEIL, & 57Kk
DOFEEPHERLT 2 B S 2 BE L, BEDL SO MR RERIC X 2 MBI % iE
U CRHMIINCIBEDA %7 R LE S ET50DTHSD, RIFJEDOE 3 BETIE, 14
FEOMBHEIK L CHMEEEE DRICLDIBMED Y FRAX =& {Tolz, ZOLH 72
BT — 2 % b & LTfATRE B 1E. Ecopath €7 /LD X 5 RARERET MITHW D HEEE S
=T DIRE ENEFERNNT A= H OREICBWCTHERIE T oA THD, &AM,
TR A HEIN LTV % Ecopath &7 /L& FW-AFZE Tl #ERE 7 L — 7R EICBId B R0k 3
ZLWH O EMYRBERE 7 L — T IR TN D NNTTEN T2\, E 72 Ecopath &7 /L
ZBWTHREZ V— T ORMNT — 2 % AT 5B BHFEOEAEW X DIRTESRIG % —
ENWRET HMERD D, Lin UEBRITITREERIC > TRMEE A2 DAMITZ <, LY
PR BT — 2 DR EE O EIZIEARRI R TH D,

Ecopath & 7 /UI§SEIZ 551 5 #ESUT, AHERE 7L — 7 OB IRRED £ B & ISR 235t
JE L TWDHEIFAD LIZ LIXRZR 2 5 Ch %, FFND Ecopath &7 /L CII KB AR 4 x5
IZETIVEMER L T DEHANL VA (Lilly 2002; Lassalle et al. 2013; Akoglu et al. 2014) . H
AROKEEPFEIIZB N THUIELE STV LAERERE T /WFHERERR L~ LD X 5 72/
BOEHY A X ThH D, /IO Ecopath &7 /L%, [BIHEE L 72 W EAMEOHRE 7 v — 712 B
LTI A @m0V | RBURIELEE & £ 5 HiE 7 v — 7 O W VT L W, Z D728,

Ecopath &7 /VOAERIZEB W TR, EREY THHEZ LV—T LMo BMIZs LT v b
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7y FOFMEEZE LT, BT MBBORELZRITT 22 ENEE LY,

BREE ORISR R BB s & SRR R B & TR AIA R, I mIITfREE A2 BiE LT
AERERET MIZIEL, Nemuro.Fish @ L 9 ICFAFEZ BRI LIT Y | tRFEOFERER AT
72 EEFEL S HIAATEET L (Megrey et al. 2007; Rose et al. 2015) . ERER K% %15
ELTIRREBEROAYHERILTFET VERREEEBET VEMAGDE
OSMOSE-GoG E7 /L (Halouani et al. 2016), AWFFETHiH L72 Ecopath E7 /LX> Atlantis

(Fulton etal.,2004;2011) @ X 5 \ZBWMErEE & EWEELREPFIHT 2 L oS L+
DETNANH D, BlZiE, Halouanietal (2016)i%, T == T OH T AEORFAERERICD
T, OSMOSE-GoG 5 /L & & 12 Ecopath ET /L B L, S OoDTT /L bEH &
TR B B AR, TR BN BRI BT 5 2 L2 LT\ D, £i2,
Atlantis (IRKEENTZET L THY | T NAVEMITAEY v bOX A TIZxHET 5 A BN
RY TUTHERR S, FR ) TARNR EOYBLTFREZ 52X 5 Z LN TE 5, 2,
R 2 BT MATHHZA L TREFFTAMZIT O Z N TEDL LWV Rtk o Tnd, =
5 DEEIL. Ecopath &5 /LMD H1?D Ecospace &\ 9 HERE & FEELL T 5 A3, Ecopath &7 /L
TIXEYT — X OFME AT LTZICRIHCE 2B TH 2 DIZxt L, Atlantis TIXAEWT
— X DFEME IR ERFIC LB L L7evy, Ecopath A TR FH STV D EEH X,
Ecopath DS BNET/MZT 7 BA LR T KMV PBOBEG R LIZdH D, T4, Ecopath D
HEREZ M b+ 5 72D, Ecopath D~ AT v ZDEEZL Z A Te Z E N TE D
Ecosim 23BAZ & 41 (Walters et al. 1997; Walters et al. 2000) ., = 512, /NZE[] () T &I
BREESRMF A B T % Ecospace 7M. % £ 91272572 (Walters et al. 1999; Christensenet al.

2014),
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5-3Ecosim (2L BV Ialb—va v

ARER AR — A CTKERRZFHT 5 720I120F, ARERE T VIC K0 k& 2 i sE L o %h
RE2TFHTHXENH 5, Ecopath with Ecosim (EWE)TiX. Ecopath &7 /L& L 7-1412
Ecosim (Z L VBRSO I 2L — g9 0 &(T9 2 EMNTE& % (Christensen and Walters, 2004) ,
Ecosim TIIJfik = & O 22 L S5 Z &0, (YO A XHIH], 2 ORER L
DR E I 2ab—varTHIERTE5H, ZITHE, #H2EHTHE L 2013 F 05U
R FIRE T L L 5 4 B CHEEE L 72 2015 4200 B AT ERTEIE 7 LB\ T, 7 MUAESAE
ZEEMEL U CHREE 1.2 %, 0.5 1%, IS8 Lo 3 > U A% 20 EIfkEE L 72356 O & HEHE
TN—TDOEREDEAZ TR LT,

TR FEIE T VTl (RN 1.2 (538N 5 & | 20 FRITITEERRESLFETH
HHA (032 %), ©F A(049), 7HZA0.6D)NED L, TNbHDEEAEMTHD =
¥H (1.30) LAV A A B (110N L 7= (Fig. 5-1), — 7 IREEZ /T 5 & .~ & A (1.82),
T A47), THZANANDNETHEIML, =% (0.77). AVAAT (079), v~ T

(0.88) 72 EMP LTc, AR ATORWIGAIZIL, BIRERERE D~ ¥ 1(4.04), £ 7
A(2.56), 7 HTAQRIG)NPNR VL, fEAEM E 72D~ A T (0.82), AL AA 71 (0.77),
71 =%8 (0.72) 7R ENWAD LT, Ko THEDAHA T, BRI L0 PHEOE
FHETOLYHA, ETA TATADBHEMLT < I =FO L D 22/ NMEFEEPO AL A
AT, ~A TR EOIEBEEOREND LT W»E FRISE, Zhuux, ~7ae7 Y,
VU TR EOKBMAREN 1264500 135N, ZOMEBEDOEIMMA AN A A 0~ A
IO EERTIDEEILND,

A AW ER IR OE7 L ClE, EEL 125m05 &, =2 (1.82) ML, v 4
Z (0.82) 28 L7z (Fig.5-2), EEZ T 5 & ~ & T (2.26) BEIML =2 (0.62)

XD L7z, S BICiEZ 2ATORWGEITIE, v % 7 (6.30) BARE ML = (0.68)
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(T Uiz, 55 3 SO RMEMAT ClE, ~ & 73S AN EHAE L TBY, =V v 2ER
L CWeblF TiEZev, AAVEE RO EAEARERR TIX, v & 7 & = T FEREET
HDY ) FUAFT I THSBERICHY, HEHEZEL T H T OBR= D
EMEIIET LI LDEEZEZOND,

AEITIIARGR LD T 4 —/V R THD 2 KIiRZERGIT, wifERE (gL osxrZBlhst
Ty alb—varzilfT L), FEROBSG TIIRERR I L IREEL 2Lt 0. &
DWITEEMD B G 22 TR OV A ZHIHI 21T 9 78 £ O BRI R R R ED LI L
2%, FE72. Ecosim TIIHHEEES VL —TDOEFENZLL THEMEITIELL RN E VIR
EOTIZVIab—raryMibh T a A, EEREICIHERE X AEY ORI RIS LT
EEHAEM ~DIRIFE 2L X85 (Holt 1984; Phillips et al. 2009; Jaeger et al. 2010), % D7z
B, I TR 2R EHAE & DIk U 72l &8 OEREEHE O 2210 (1] 2 I THERERI SO
Begon etal. 2006) 72 E DT ¥ ZADETFT NA~DEANSEORETH D, £1-. BEHNAFE
THWMEOWEREHOT X EZHNT, ¥Yalb—ra rOfEMBEOFIENME T
HET—HETDHEINTGA—LOFEEITH Z LIZE YD, Ecosim OFBMEEZEDDH Z &N
T& % (Frisk et al. 2011; Geers et al. 2016; Serpetti et al. 2017), 2 1E. Serpetti et al. (2017)
DOHFZETIZ, HERIERER(LIZ LD KIE EA L ENERICE X 2B HAICT I 2 b—
TarLTn5, LELOFFETIE, FirIRe RS A ER T 72010, AR T T e —
FICTRAEABLHEKIRIE L2 SIC X DBREL b2 500 2 L OBEEMEZBRM L TV D, £
7z, Ecosim |Zi3, HEMOEHELZE L CH RO rIRE RIS EOR KL FHT
X % Multispecies maximum sustained yield (MMSY) HE/ % 2% (Walters etal. 2005), &\
J£T MMSY % EBROGJRE R FEETE UL, BUEKEIC H DIHROEEBRIROHAICE

RTE D Z &SNS,
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5-4 Ecospace D&

Ecopath with Ecosim (EwE) Tld, xI/KEA @GR ERRRE LTET LV EMET D,
—7Jj Ecospace Tl&, ARERNOERRERMO AR —Ma2ZE L CEMA VoI, &
VT ETEIRAE OSAR, FHERARMR, MEIREZE S, EHvIa b —va VERLT
) ZLINTE D (Waltersetal,, 1999), & 51T, Christensen etal.(2014) 1% Ecospace 0% Y
& LT, SBERE 7 L — 7T D OB ER OB AT B A VT LD E Xy b
TEOBBENANERETE DL T L, 2o, BT ONHEY I 2l —va L TED
Eco tracer 72 £\ < DDk FIBSREA MR L T 5,

Eco tracer D3 A & LCiE, HHARKERIC K 2 AL E @5 — 71 158 BT O Fik
TR SN OW R COMERD L I 2 b—v a3 U R3Z%F 55 (Walter and
Christensen 2018; Booth etal. 2020), & 7 A 137 REDOWHEFT COIEHE DO I 2 L— 3 v
FEREEMT TN OFERIE & e L, & OEMIRMERE OE W HIER R BERE O
WEOEFRF LTS, £7o, THFEER STV HEREE DNA I X 5 FHAHM (Yamamoto
et al. 2017) Z AW iLiE, DNA ORE AL L Bco tracer DY X 2 L—3 3 UAER & & il
HZ L2k BEOSGARNAEOETIKIT LW RIRE OB L AT L2 &
DIF[RBIZ AR D7 LIV,

Z DX 91T Ecopath & 15 & LT, BRx ZetEREnN BN &7z Ecopath Family 722 5435105
THHROE & BRI X FT T D, £, ZHLETGIS O X 5 22 HIFEFHRSS R & FHVi-#st
WLEE T — 21X, Bcopath [ZHEAGATBRIZ T — & OIS VEE T > 723, #7272 Plug-in HHE

BERGAAIAD D X D172 > 7- (Steenbeek etal. 2016), = OFEAEIZ LV . Ecopath (23

D EWREE R T — Z OTE S S BIZfEIC 2o T,
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55 LOVRBEORWARRET VIBLEDZHIT

AWFZETIE. Ecopath E7 /LT Ko T, FEN R FEAERER & R ARG S o JEE A A4
RER DO BWHEREE & Z AU DIEZE DR BN BRI bR o T, o, HEEARER
ZRT D LY=L T FORBOFEIL, ARERET IV ETEM LIKERROEHIT M T
TOREREHRTH D,

H AT, ENCFEBA S8 15 N K PERIFE - OB O SHYU™N 7' & = 7 T LV (https://sh-
u-nfra.gojp/). ZAVE TATNEEETH o 7oK EG R AR LCEIREM AN, GO
R & 72 o 72T — H D 2016 FFEN D —RICAB SN, ZDOFHNIF T, Ecopath ET /L%
BT 2 ECEEL R LIEREHEESLHREERLEOT =B AF LT Role, RE
DNA, FHEMBERIE, A 4 a X0 7EOMESNE UVIBEEMTIERNT & Ecosim <°
Ecospace ZflAB DD Z LIZL V| HEERFER~OHEBICE EX 57, IRFER%E, B
FAb, AURZEB 72 812 X5 EY O RRE O bR & NP EE T 5 AT RIRED

fRRICHEBTE 2 Z &M difrsn s,
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Fig. 5-1 Ecosim scenarios (with 120 % fishing effort, 50 % fishing effort, and no fishing) from 2013

to 2033 based on the Kyoto coastal area 2013 model
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Fishing effort = 120 %
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——32: Buccinum tsubai

Fig. 5-2 Ecosim scenarios (with 120 % fishing effort, 50 % fishing effort, and no fishing) from 2015
to 2035 based on western part of the Sea of Japan in 2015
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KEEB R TN S 59, AARIZE W T b Ui R EIE BLFIE DT AN
KEND, ERRREFOTT VALY —/L L LT, Ecopath 7 /MIEFRILYEL 720 oo Hh
5o AR TIL, HARMEOWFEEPRIC Ecopath 7 /L& L, (BEGIROIREE & Tk}
THAERBRDIGEZI ST Uiz, 1985 4 & 2013 2317 D 5UERNFIR R DIKIE 0~240 m
DEMILOWEIZONT, ETNAVEMHE LI L Z A, HEOFRH ATReME %~ T Psust fEIX
L= AV 7 N EFRGRWAEOR CRIFIZH E LT e, Hi T, B ARYEFE S D K 200
~500 m OEFEMHRIZIBN T, ET LV OMEICLERHAEH AR EZIA O NS 5720, KA
EWMDOBENEWZ Mo L, 2z b I AKIGEEIEROET VEHE Lz 2
A, FVEHRO Psust [E bR E SNAEEA R LT, EHIT, ¥YIa2alb—va Y —LTh
% Ecosim % N T+ 4 FERIICIAD S B 256123 KRR ClE~ & A4 B 7 A
BLOT A=A ML, BARMEETVER CIX~ & 708842 2 e nFilshi, —
MFZEIZ L0 | REEAREROBNEL EEICHYE L T35 & & $1Z, Bcopath &7 /L % i H

TOHBROEER 2T 2 LT,

134



P

ZICHE R TER TETEDO L, < DA LILFTEE O J 2 OEE L T
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GIS ROFEFHENT TiX, EEH SBIEAIC ZHRE2THE £ L, BiFERREFIAED
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B I BN CEAREIC B W TIHATEE £ Ui, DRV BILHAL EFET,
753 - A EO BAMEIEITA TIIAKENTE - BEWED LR e BRI
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