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Analysis of Lower Trophic Ecosystem Model and Fish Catches Using a New Fish
Ecosystem Model

Tetsunori INOUE*
Takashi KOMURO**

Synopsis

In the inner bays such as Tokyo Bay and Ise Bay in Japan, a large amount of nutrients had flowed
from rivers into the inner bay in 1950-1970s. As the results, eutrophication had been progressed in
the inner bays. Eutrophication were mainly caused by industrial development and population increase
in the river basin. Although the government regulated total emissions, the environmental standard
value has not been achieved, and the COD is still high in Tokyo Bay, Ise Bay, and Osaka Bay.

In recent years, a decrease of fish catches in many inner bays due to the occurrence of anoxia and
oligotrophication has been regarded as a problem. This problem has not been clarified yet. In order
to resolve the problem, field survey of the entire inner bay is necessary. However, it is unrealistic
because of limited budget, staffing, and period. On the other hand, it is possible to reproduce and
predict the environmental change in the bay using a simulation model that incorporating several field
observation data. In this study, we aimed to develop a fish ecosystem model that can incorporated
into the Ise Bay Simulator which based on the lower trophic ecosystem model and the flow dynamic
model.

According to the results, we confirmed that the fish ecosystem model could be well-incorporated
into the Ise Bay simulator. This model can not only calculate the bay environment but also predict
and reproductions fish dynamics and resources. The results for anchovy (Engraulis japonicas) in Ise
Bay shows that they gathered at the spawning area during the April and that they escape from the
anoxic water occurred in the central part in summer. We also compared the calculation results with
the fish catch data. As the results, there were varied depending on the species, but the reproducibility
was relatively good. It is necessary to improve the calculation accuracy using a parameter tuning

systems. In addition, we plan to collect data using a fish finder data and environmental DNA method.
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(Fex K5, 1996; #F £, 2007). UL s, A
oMK DFEN, BREEF /e E1E, FKET I CIEEHES R
HThHDHZ ENERMSN TS R, 2000 ; Heggelund
et al., 2004). THETIE, WEBRO I 2L — 3102
IFHAREET A ERNEERALRE S TREY, 08
RERRF S LTS (S, 2000; sk - Vg, 2001,
B - R, 2005; Fl - [E, 2006; KRS, 2008). L
Lo REREZAT, FHEY I —¥ -0k
WCUE, FEEOKIEIC X DR EICIE L7 8 LW =k
BETAEBBELCE OFED, 2015).

F U, AKIEERERICR W T, REB SIS
FREA Y O IRRLERR Y VEORBERHOMER % X
BT 572 L, KPP OWERES R CEE AR 2 H
STWAHIZ ENPALMNT/R->TEY (Azam ef al., 1998),
19804EAR LARERS A4 % A U 7o JEE BB 8H O AFAE S B 2T
SN TE7o. BREH CITMED RELE & L CRTRE
4 (Dissolved organic matter; DOM) % {42 Z & A
WEBRBROEMN LD ZENTES. SHICHIEZ R4
SR L, FAESMERNEYMT T 7 bR R
T2HEVWIRIKIZE D, EAFREATRE D3 8K 0D 5 7% BERE
ANEBRS TN ThbD, A R Tl
Ty N T T b D KREVEM O —
WEBBOLDBER S, MEET b U 22 28T
BHORF L W ONMESIT Th o722y, B AEM I
DIBTFEAHEM 2 @k O BT ~BSHREL LT, &Y



MW CTEERAKRE 2R, RO EE2EE 2T,
FEE S I 2 L—F —TIEEEEHIZIONTHEEEL T
W5 (FES, 2015).

1.3 BE#®

WEROIRTRERZFEH S 57201001, NEREE Xt
HL LBUBIA N E 72D, L L, WIEAIR A R
T4 RO TEITHE - AB - HIFEOHRKICLY BT
ERANR S L. OB FELLT, vIalb—Ts
VETAEFBAT S Z L THNBAICR T 2RIEAE) &
BE -T2 2 BRSNS, LA L, ABICEBNT,
WSSO X ) AW EET VL LEFHITIE L AL
AN

I CARMFSETIE, BEAFOWRBIE T L EARIRAERERE
FNTHAPBE S I 2 L —F — TR Z LN TX
LIFEAERERET VB L, REtEICL2MERDH
RETHZELEHHMETD.

AHFFENC BN TRIFE T 2 FABEARER T T VTR BRI
BT OB EELEMT OEICHNL Z L2 EL T
%. BAFT 2T VLB R O REREMEK 2 Sl
WTC, Yalb—ra LAt EREL T A LA
BfsLTW5.

2. BEDOHERES

ARETIE, ABHEZRIT 2HEE T VBT 2B ED
Xk BB 5 & L b, PPEEICRIT D REEE T
ETMVEEDOBE LD,

2.1 BEOREFIETIL

ol (%) oTHET VL, B—EHROEHER L
L7 BARRERNEE T VN EARNRET L Lo TS |
DBLND (FH G, 1998), T, MHEETE TR
A B DA RER I B A KT LK EEIRSCAERER D
HEREDIR T AR 2B EEND Lok, AR
B UTCEE O TS O REIE D AT DR
HEIC7-5TETVS. MK TIEHE ARG DA
RERICEE S HEFHA~OIIRA R SN TV D, F,
SRR EOBLED S N D OFESA (ERERY—
B R) EEIICESZ T D 2O ARER A OISR
HAERRT FTu—FRRBEN TS,

FI22TIE, BxARBLA OB S TEME (A
¥) OTRET VORI 2B LT, EHTHI2h T
¥, EIZPlaganyi (2007) & XV S3FES LTV A FE ()
TN EHE L LTS, Plaganyi (2007) 12 & %504 T,
B LT AR E DL LE TET LTS, &

HERICB T HMzERT 50, Y0k 5 ICiid 5 e
THESN TS, ZhbEBHICL, ZhETHESH
T B E T /L ORI A SV THRE L7
OFN23TIE, A BB I —varE®T
LD YD REETT L, RRAERET VCAEORFEE
BEBIEE 7 L A MAAATEE T TR E Y T, £,
FORE 7 A ORAMNRET AT h b 5 AEHBIETT L
DRIz OV THEGLL, SEEE LT T L H 80 BE
ETICHE SN TV B IBE 7L L RK AR E T L%
N— AL Ui b OICHAA E T BIEE 7L OB F)
R LTz,

2.2 A% GA%E) OFRETIVICET 2BEONEE
Plaganyi (2007) ([Z LW SN TWDH DA HLIZ, 2
ETICHR SN TE 2O THIE T NV EMAAALT
WEET I AEERET LVORENR S OER-TITRT.
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1279 & 9 I1Za) Whole ecosystem models, b) Dynamic
system models, ¢) CCAMLR models, d) Dynamic multispecies
models, Minimum Realistic Models , ¢) Individual-based

models, f) Bioenergetic models 621253 17 THEEL L 7=,

a) Whole ecosystem models

Whole ecosystem models TI%, X5 & 3 2 ko 4R
2R U CAERERN D IIRAEEE G, THRREETOR
WA ZBELIZET NV E LD THD. — BT
MY HMLLIZET L E RS TS, ZOETILOMRE
Bl& LT, ARRICEIT 2 LEREZ T3 5 ECOPATH
(Polovina, 1984; Christensen and Pauly, 1992) 2% 5. #x
iX, Polovina (1984) I%, LT A FHEEDO 7 LT 7 V5
— METOAERERREXNG L LT, A2 FFX, BGREoL
NAHBRENOHEM T 7 v 7 hr bW olc IRAEEE T
B, B DAY B I R AT L TV D
%72, ECOPATHTOLERAEN LB 2 T Z1T O H D
& LT, ECOSIM (Walters et al., 1997), ECOPATH with
ECOSIM (Christensen et al., 2000; Christensen and Walters,
2002, 2004) RE SN TN D.

b) Dynamic system models

Dynamic system models/%, ¥HEWELE T V70 & )54
e, AT EOMEEMEZERRL LS ELEET
NTHD. ThiFonsETNLELT, T
SEPODYM/SEAPODYM (Lehodey, 2001; Lehodey, et al.,
2003) =°NEMURO.FISH (Okunishi et al., 2011; Kishi et al.,
2011) 23% 5. SEAPODYMIL, KWVLEICEIT 23FEED~
Suo@EE THTLIETAMLRSoTEY, BE%
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ADVECTION-DIFUSION (BiftdLik) (&0 RILL, dEvk
17 ) % habitat qualityB45iZ2 L > TETFT L L T 5.
NEMURO.FISH{Z, i7" % Individual-Based Models (IBM)
LT, BIARTEACRE IR T 2~ A U v OBk
M (Okunishi et al., 2011) #4T>TW5. T HIEEERR
’E%%%%?ﬁ@‘é%?/v& o TG,

({Z%f L T, Dynamic system models{Z /33 &5 H D
S ‘B, ERSEM (Baretta, et al., 1996), SSEM (Sekine et al.,
1991), IGBEM (Fulton, 2001; Fulton et al., 2004), ATLANTIS
(Fulton et al., 2004, 2005) 1%, AEWHIER{LSEM) 72550 %
TETITHY, Zih % FrZBiogeochemical models & §j\
FLTWD. flziE, 2Rb0ETFTALORENZLDOTH
% ATLANTIS|X, ERSEM% Z~N— X & LIZWHEERET
N INF—RMET N EMBEDLETZET VLS
THY, A=A M7 U7 OWHRIZI T ORI IR
HEX DR ENZ & D87 & o BURIKE REAT 24T 5 £ 7 /L
Lo TW5h. F£7, t4ik7 5 Individual-Based Models
(IBM) 24358 S 41TV 5 OSMOSE (Shin and Cury, 2001,
2004), INVITRO (Gray et al., 2006) % Dynamic system
modelsiZ T HZ LN TELET L THD.

¢) CCAMLR models

CCAMLR modelsi¥, FIMEAERRERIG L LIZET L
ThHY, HBIZBNTEZ OEORER L /8> TNDHA
X7 I DEENERRRICE 2 DR BENT 572 L0

KBRS THD LD THDH. BEEARERITAEYH
WHMZR T2, ERRRDIZLAEDLDE N N—T5HZ
L7225, Whole ecosystem modelsiZ 73BT 52 & TE D
LOHLHBH. LirL, ZZ TIECCAMLR (Commission for
the Conservation of Antarctic Marine Living Resources) 73
FHELTWHET/LE LT, Whole ecosystem models & (57
FTHBEL TS, BUE, SN THLETLELT,
KPFM (Watters et al., 2006) , EPOC (Constable, 2005, 2006) ,
SMOM (Plaganyi and Butterworth, 2006a, 2006b) 72 £ 73 &
%. Ju%4, Butterworth and Thompson (1995) (2L > T, 7
X7 IGROETHNHREMNCG 2 55 8%  —HFmTO
HEB LI — A LHEE OHEROE - E AR AE
HAEBE LTI r— A2 NZE0HRFT 572Dl
prey models 3B % &AL TW 5. KPFM (Watters e al., 2006)

Z Predator-

WX, FERREE R LXK (SSMU) T R T
TIDWEREEZHRFALELOTHY, ZOXIEKMOBHE)

RAFT I EHBEOLERIEEEZZEE LD THS.
TOTFTIVORME LT, REFEEEZEET L0

vFAAmYIalb—varyEHnTnd. EPOC
(Constable, 2005, 2006) 1%, KPFM & [FkE, FailiyED 4 %

TR ExGE LB EEE TS A ET L E o
THRY, W, WK, KR, EAEEMOREZ RTI20H0
HENERTE DD E 25T 5. SMOM (Plaganyi and
Butterworth, 2006a, 2006b) Ti%, A %7 I LHHRH (2
X, Ay heA, f, 7UT) OBEETVIC
Butterworth (2004, 2005, 2006) DEFAREZILELS
DERNTEY, 1SOFEEXE (SSMU) ##5ET /L&
o TWV5.

, Mori and

d) Dynamic multispecies models, Minimum Realistic Models
Dynamic multispecies models, Minimum Realistic Models{Z,
KRG LT DR O BERAMAAFHBRD H 2 VT
KROFEEZBY L TET ML LIZbDTH D, AV Y
7~ /L ® Minimum Realistic Model (MRM) I,
Butterworth (1995) [Z XV 2= &hTHY, 77UV
FETOEDA~A 7 LAy M A R RICA Y bEAD
BREICE DA 7 OWELBELZM LD L > T
% . ESAM (Livingston and Methot, 1998; Hollowed et al.,
2000; Tjelmeland and Lindstrem, 2005) 1%, 4FfinBlo> & &
FHEE 7 /S LTI RIC K DT 2 BMICET B L
TW5. #ilzi¥, Livingstonand Methot (1998) , Hollowed
(2000) 1%, 7T ABBEOAT VIR T xR L L
T, MBICEDHCABEICLLMEIEC LR E LT
E#L, SHOMEE QEOI LARET >V H) OFELE
ﬁﬁthwé MSVPA and MSFOR (Pope, 1991; Sparre,
1991; Vinther, 2001) &, ERERNO TN LG LT L%
RELIZET L THY, Tl OfMERE L HOFHONE
MOT—H2ERNT, BEBICLAHE EHRICK BT
AL D Th D, HIRFE A IR K E D3 LA
RENTHEEFEET VI ié%@t@@%l& 23T
WEHETNERSTND (I272L, MREIC L DHBICHE
BLTHY, flomErEgll/-bol 720“(1/‘5) il
Z 1%, Vinther (2001) 1%, /3/b Mg, AbifETOZREOFIE
(27, =2 U5%) OFEROEREZMHL TWD.
MULTSPEC (Bogstad et al., 1997) 1%, ZFEOAMICKIT 5
sk, Fh, BSHEETHTLETLTHY, ALY
MBI 2%EOEY (Vv rvE, =V, ¥7, 472
FNTHTY, Iy V7)) OERHEEET VLIRS T
W% . GADGET (Trenkel et al., 2004; Begley and Howell,
2004; Taylor et al., 2004; Taylor and Stefansson, 2004; Begley,
2012) , SEASTAR (Tjelmeland and Lindstrem, 2005) , MSM
(Jurado-Molina et al., 2005; Jurado-Molina ez al, 2005) # [Fl%E
DEFEDENERST-ET N EIR> TS,

Punt and

et al.

¢) Individual-based models (IBM)



Individual-based models (IBM) 1%, fEl{k = & DO A&TGH (i
', KE, B, L) ZHAAALTEY, ZEHeE
ZEELI-ET L5 T 5. OSMOSE (Shin and Cury,
2001, 2004) , INVITRO (Gray ef al., 2006) <° ki L Tu»
HNEMURO.FISH/® Z O E T /VIZ3¥E 5. OSMOSE
(Shin and Cury, 2001, 2004) (X, #l (X, X7 F M (7
YAZIHRE) ORFEOK (WX T TFA T, PR,
A0, =TV, X7 ) v TE) ERIGUCER SN
TEBY, EEROT A AEEEZBE L TWLH, A4 X
WL TERLNT-VERZVT LGN EDLET IV
Lo TWD & W) R H 5. INVITRO (Gray et al.,
2006) X, EEEHR D EH LY, MOBENE O Agent-
based models & 72 > Tk Y, A —A ~Z U 7O FR
i EIZOWTE IS Ol 41T 9 ET L L lg o> T
5.

f) Bioenergetic models

Bioenergetic models/X, Yodzis (1998) 12XV, BHZ S
TETNTHY, AWEIZESSERBRET LV THD. 4
MOFEAERBRIIZ T 7 A N =K TRELLTWA.
Koen-Alonso and Yodzis (2005) I%, ET /LVE&LKEL, /"%
=T KB T DA, WEITFAT, AT, FH
VT (T ) @R BEFE O LB EKIROFEZ T Y H L,
B EHT AT o 2 (i, W, g, sE1%)
EMOFBERICLVER L3 X — BT V248
RLTND.

PUEZR LT VOEME, FEE2 R L TEL
Db DOER-TB L OR-21TR7.

£-1 (1) AHEOFHETIEHAAATVWDIEEETILERRETIL—E ()

ET VA4 (IEFR) 4
EwE ECOPATH with ECOSIM
=5 L4 (K FR) 4%
European Regional Seas
ERSEM
Ecosystem Model
SSEM Shallow Seas Ecological Model
Integrated Generic Bay Ecosystem
IGBEM
Model
ATLANTIS ATLANTIS
Spatial Environmental Population
SEPODYM Dynamics Model
/SEAPODYM /Spatial Ecosystem and Population

Dynamics Model

North Pacific Ecosystem Model
for Understanding Regional

NEMURO.FISH

Oceanography.For Including

Saury and Herring

2 IRk
Polovina, 1984, Christensen and Pauly, 1992,
Walters et al., 1997, Christensen et al., 2000,
Christensen and Walters, 2002, 2004,
5 H, 2002, 5 H, 2015

Z IRk
Baretta, ef al., 1996

Sekine ef al., 1991
Fulton, 2001,

Fulton et al., 2004

Fulton et al., 2004, 2005

Lehodey, 2001,
Lehodey, et al., 2003

Okunishi et al., 2011,
Kishi et al., 2011,
65,2005, £, 2008



£-1 (2) BHEOTHETIEHEALAATWSIEEETILAERERETIL—E (FEH)

£ 7 V4 (I FR) 44 R Z PR SCHR
C ission for the C ti
CCAMLR ommisston for fhe t.onservation Butterworth and Thomson, 1995,

of Antarctic Marine Living
Resources models
KPFM Krill-Predator-Fishery Model Watters et al., 2006
Ecosystem Productivity
Ocean Climate model
Spatial Multi-species

SMOM . Plaganyi and Butterworth, 2006a, 2006b
Operating Model

models Mori and Butterworth, 2004, 2005, 2006

EPOC Constable, 2005, 2006

ET VA4 (WEFR) Eapas Z R CHK
MRM Minimally Realistic Model Punt and Butterworth, 1995
Extended Single-species Assessment Livingston and Methot, 1998,
ESAM Hollowed et al., 2000,
Models Tjelmeland and Lindstrem, 2005
MSVPA and Multi-species Vi r.tual Pope, 1991,
Population Analysis and Sparre, 1991,
MSFOR Multi-species Forecasting Model Vinther, 2001
Multi-species model for the
MULTSPEC Bogstad et al., 1997
Barents Sea
Globally applicable Area Trenkel et al., 2004, Begley and Howell, 2004,
GADGET Disaggregated General Taylor et al., 2004, Taylor and Stefansson, 2004,
Ecosystem Toolbox Begley, 2012
~ 4) Dynamic multispecies models, Minimum Realistic Models ;% &+ 2z RE L7 L
= 7 4 (WS TR) 4 Bk
Stock Estimation with Adjustable
SEASTAR Survey observation model and TAg- Tjelmeland and Lindstrem, 2005

Return data

Jurado-Molina, Livingston and lanelli, 2005,

MSM Multi-species Statistical Model . . .
Jurado-Molina, Livingston and Gallucci, 2005

= L4 (W) 4T 2 RSk
Object-oriented Simulator of
OSMOSE Marine ecosystem Shin and Cury, 2001, 2004
Exploitation
INVITRO INVITRO Gray et al., 2006

E T V4 (IEFR) 44 TR 2 U
Multi-species trophodynamic model
Bioenergetic/ usin Eioener e[t)ic ar?d allometric Yodzis, 1998,
allometric model g g Koen-Alonso and Yodzis, 2005

approach
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Zooplankton, Heterotrophic benthos, SRR AEW DY % G
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O Christensen and Walters., 2000
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OSekine et al., 1991
- Shijiki Bay (23 H
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OFulton, Smith and Johnson, 2004
- Port Philip Bay (Australia) % xf 42

OFulton, Smith and Punt, 2004
- The Northwest Shelf (NWS) of Western
Australia % %} 42

OLehodey, 2001;
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FOM RIS D
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(20)
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o
N, dek,k | rem,N
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prISIT. AB;zthznsh,f',a’,f,a (34
ABLedr?zCFish,f,a = DB} rorish fa (35)
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JE A (BE) OISEIRATIC £ B EL

(46)

Arishrossfa @ THEBBEMEO ARILCHE[s] : RT A =5
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F luxlf;!ﬁljwigFeed,fa = Visimig.fa FISHpq (54)
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D I % KGRI EE 0D b3 TR Eh 5 181 O 7 VS N SR AR
W7 T w7 A%pEd 5. FlZIE X ESmo&/V S m Tl
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Step,I+1,].K
nFish,f,a
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e T R BT - T & D PRI T ST IS [ 5
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Rl o a0 ©67)
L i spaw, a0 (68)
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Vo e PESRELEEE m - 1]
- PESRIELE
LB D FEYIS £ CORBEEE X AN RV, 2ok

SREFIRDEE DL 2 HIVY,

5.

AEFERR O FREAMT K o Ol & %

Spaw _
FishMig,f.a —



0
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paw (72)
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AFishSpaw,f c EONELEE 2R T AL v T

S
AFishSpaw.f ' aFishMig,f
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Spangpewp,r : PEINENEHIM[s] « RT A —%
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AFishSpaw,f = { (73)

S panSpaw, f

_ {tSpawStart,f — Date (tSpawStart,f = Date)
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tspawstart,s © DI D FEIRBIAARFZ] & T ORLEIEH][s]
T A—H
Date : FJ4ED & BUEREZ] & CTORGEFER [s]
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BFishSpaw
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Gonad g, @ RATENRFEE =1
kFishSpaw,f D EONB A O AR R R S ] XT A X

Brishspaw © PEINELA O AR R M R =1
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PEOITETH D720, BT % PRT A T- OFRAFIREE TG U
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