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HANDLING OF DISSOLVED OXYGEN IN THE SETO INLAND SEA FISHERIES
ECOLOGICAL MODEL

BOARFEE". WK, MUHR", REIER", 4R, HEA™

Masahiko SEKINE, In-cheol LEE, Toshiaki NARAZAKI, Masao UKITA, Tsuyoshi IMAI, Hiroshi NAKANISHI

ABSTRACT; The purpose of our study is to estimate the influence of development activities on shallow sea ecosystems,
especially on fish. An eight boxes two layers ecological model was adopted to the Seto inland sea by using a Shallow Sea
Ecological Modelling tool (SSEM). The components of the model were nutrient, detritus, phytoplankton, copepod,
pelagic fish (plankton feeder and fish feeder), demersal fish (plankton feeder and fish feeder), and benthos (detritus
feeder and benthos feeder). Oxygen deficit was selected as an human impact factor to the fishery environment. The water
/ sediment interaction model was employed to evaluate the box-average dissolved oxygen concentration. Because SSEM
is a box based model, it was difficult to estimated the local oxygen deficit that occurs in rather small water volume.
Probability density function of oxygen deficit occurrence was decided based on field survey data from a literature.
Oxygen-deficitent water volume to a certain box-average dissolved oxygen concentration was calculated using the
probability density function. Although quantitative estimation of stock size by mathematical model are generally thought
to be difficult, SSEM seemed to succeed in explaining the distribution of benthos catch in the Seto inland sea by taking

the influence of anoxia into account.
KEYWORDS; Seto inland sea, ecological model, fish catch, oxygen-deficient water, assessment of coastal development
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Fig. 1 The Seto inland sea eight boxes two layers model
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Table 1 Basi ions for SSEM layers m
Inanimate (Nutriont, Detritus) Phyto W: weight of Livings in a box [kg]
A—W"=2U—ZE G = G maxx (n-KnIW At time step [day]
Ar "

AW,

Kd-W,+ 3 F-3E,

Wn: weight of nutrient [kg]

Wd: weight of detritus [kg]

En: absorbed nutrient {kg/day]

Ed: absorbed detritus [kg/day]
Livings (Phyto,Copepod, Benthos, Fish)

U=ExKe
R=W x Kr-e"™"
D=WxKd. ™"

Ks+(n-K)IW
Gmax = Kg- ™" . [TLIM

LILIM = (5:55)( )

0.0tk

s
10—
2000,

s=1light-e
k= 0.04 +(8.8-W)-+(0.054- W -1000)5
Copepod

G =G maxx (1~ exp(Ks(Kt -V - n)fW)
G max = Kg . "™

Fish, Benthos (Pelagiclish1,2, Demersallish1,2,
Benthosl,2)
K

Ks+{(n—-Kt)
Gmax =Kg - £ O TEHP

G = Gmaxx

Reproduction of fish
W, =00125W

2%

£ food requirement [kg/day]

F faecal amount [kg/day)

U: excretion amount [kg/day)

J% respiration amount [kg/day]

D death amount [kg/day]

G grazing rate [day!]

Gmax: maximum grazing rate [dayl]

n: food amount [kg]

Kg. maximum growth rate at 0 °C [day!]
K£ faecal ratio [-]

K¢ threshold of grazing [mg/l]

Ks: half-saturation constant

Ke. excretion ratio {-]

Kr. respiration rate [day!]

Kd death rate [day]

Kgt, Krt, Kdt. temperature constant [C-1]

Movement among Boxes
_KcWQ,
Wiy = %Az

Wm;;: weight of fish moving from box i to f [kg]

V: volume of water in bax i [10°m’]

@ volume of water flowing from box i to j. [10°m%day]

XKc exchange coefficient {-]

Table 2 Parameter values for SSEM layers model
Phyto | Copepod Pelagicfishl Pelagicfish2
juvenile | young adult || juvenile | young adult juvenile: under one year old fish
K 1 18 | 02 | [Ks_ ] 0024 | 0007 | 0009 | 0013 | 0003 | 029 | pouns: oneyear tothreeycars old fish
K| 00 | 00 |[K 00 | 0002 | 0003 | 00 | 0.0004 | 00004 | [pdulls over three years old fish
Kg 0.5 0.2 Kg 0.03 0.013 0.006 | 0.0243 | 0.00308 | 0.0017
kgt 10.0633| 0.0693 | |Kgt 0.0693 | 0.0693 | 0.0693 § 0.0693 | 0.0693 | 0.0693
Kr 0.01 0.04 Kr 0.01 0.006 0.003 0.01 0.001 | 0.00019
Krt  0.0524] 0.0693 | [Krt 0.0693 | 0.0693 | 0.0693 | 0.0693 | 0.0693 | 0.0693
Kd 0.003 | 0.01 Kd 0.0 0.0 0.0 0.0 0.0 0.0
Kdt  10.0524 | 0.0693 | {Kdt 0.0693 | 0.0693 | 0.0693 | 0.0693 | 0.0693 | 0.0693
Kf 0.0 0.01 Kf 0.2 0.2 02 0.2 0.2 0.2
Ke 0.0 0.01 Ke 0.1 0.1 0.1 0.1 0.1 0.1
Ke 0.9 0.7 Ke 0.0 0.0 0.0 0.0 0.0 0.0
Food [Nutient| Phyto | [Food {Copepod | Copepod | Copepod | Copepod |{pelagictishi [Pelagicfish "Pelagicfishl (day < 740)" means that the
(day<740)| (day>365) | |fish feed on Pelagicfishl younger than 740
days.
Demersalfishl Demersalfish2 Benthos] Benthos2
juvenile | young adult || juvenile | young adult Jjuvenile | young adult |l juvenile | young | adult
Ks 0.0014 | 0.0004 | 0.0003 | 0.0006 | 0.0002 | 0.01 Ks 0.006 | 0.002 0.064 0.01 0.009 { 0.0063
Kt 0.0 0.0004 | 0.0005 0.0 0.0 0.0001 Kt 0.0 0.0001 | 0.00015 0.0 0.0003 | 0.0004
Kg 0.03 0.013 0.006 || 0.0243 | 0.00308 | 0.0017 Kg 0.032 | 0.005 0.002 || 0.0576 | 0.0245 | 0.0038
Kgt 0.0693 | 0.0693 | 0.0693 § 0.0693 | 0.0693 | 0.0693 Kgt 0.0693 | 0.0693 | 0.0693 | 0.0693 | 0.0693 | 0.0693
Kr 0.01 0.006 0.003 0.01 0.001 | 0.00019 Kr 0.015 0.002 0.0005 0.02 0.01 0.0014
Krt 0.0693 | 0.0693 | 0.0693 | 0.0693 | 0.0693 | 0.0693 Kt 0.0693 | 0.0693 | 0.0693 { 0.0693 | 0.0693 | 0.0693
Kd 0.0 0.0 0.0 0.0 0.0 0.0 Kd 00 0.0 0.0 0.0 0.0 0.0
Kdt 0.0693 | 0.0693 | 0.0693 || 0.0693 | 0.0693 | 0.0693 Kdt 0.0693 | 0.0693 | 0.0693 § 0.0693 | 0.0693 | 0.0693
Kf 02 0.2 0.2 0.2 0.2 0.2 Kf 0.2 0.2 02 02 0.2 0.2
Ke 0.1 0.1 0.1 0.1 0.1 0.1 Ke 0.1 0.1 0.1 0.1 0.1 0.1
Ke 0.0 0.0 0.0 0.0 00 0.0 Kc 0.0 0.0 0.0 0.0 0.0 0.0
Food | Copepod | Copepod | Copepod | Copepod |Demersal [Demersal | |Food | Copepod | Benthos2| Benthos | Copepod | Detritus | Detritus
fish1 fishl Detritus | (day<730)] (day<365)[ Detritus
(day<730)| (day>365) Detritus | Detritus
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FAGAAIE D i HEAFERE 3.6mgl LT ¥ EBEAM, 0.036mgl BT FEBEARELTVDE, 22T
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Db BEERD,

AFOBBE T IWEIC oV TIE, 43mgl DT CRREHEN 7™, 07 mgl K2 3¢ v day
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a7y E), 2.9 myl TREEEICHEEE S HT4™) 1.5 mg/l T 40 hry 0.7 mg/l T 24 hr TNWFE(D ) A
A, VITHTE34 mgl BT, AF O/ TR 2.6 mgl T, AT 1.5 mg/l BUFC 48 B4
BERGFE(TYT I, 2mg/I LT ORI 2 AHMET 2 BRI Y 52 AP, 2EDRRTDH 5,

T, EELO LI 7 AR AV SHER T, EIABRRIRE 3.7 myl CHEBEHMTEIER O hE o
A5, 14 mgl TIREL P ABRATHABE I NAY, S5, ERMCARTEREBICBEVE4E. 08 mgt
TR I0HBPICIET, 3.7 mg1Th 1 HUHIIET L7229,
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Table 3 Basic equations of water / sediment interaction model

inorganic phosphorus

dCP1/di=Dz - (CP2-CPLY/Z-PRO1 + FP1+KDI - FP1+KDFZ.+
KDi-FZ14LPSA/Z

3CP2di=Dz - (CP1-CP2)/Z*-PRO2 - FP2+KD2 « FP2+4KDFZ «
KD2+ P22+ +AOA* D+ (CP3-CPA0S - Z3 - Z)+ y *
KDBFP3-23(Z+y *KDFZ-KDB- FP3-Z3/2,

dCP3/=D - (CP4-CP3)X0S » Zm * Z3IHAOA « D - (CP2-
CP3)/Z3'+KD3 + FP3+KDFZ + KD3 * FZ3 - Wm -
CP3/Z3+{KEP/ w ) (EPA3-CP3/ 2 JW{KR/ o} (EPR3-13~
£+ w-MO) (CP3/(CP3+CP30))

ACP4/di=D + (CP3-CPA)KOS - Zm « ZA}KD4 + PP+KDFZ
KD4 - FZAHKEP/ w ) * (BPA4-CP4/ ¢ J+Wm + CP3/ZA~
Wm-CP/ZA

Phytoplaniton phosphosus

dFP1/di=Rdz - Dz « (FP2-IPI)Z*+PRO1 - FP1-KDI ¢ FPI~
KFZ1 FZ1-Wa-FPI/Z

dFP2/dt=Rdz + Dz * (FP1-FP2)/Z%PRO2 + FR2.KD2 + FP2-
KF22: FZ2-Ws+FP2/Z+Ws-FPI/Z

dFP3{d=Wa- FP2/ y /Z3-W - FP3{Z3-KD3 - FP3-KDB- FP3

dPP4/&t=Wm - FPY/ZA-KD4- PP-Win - FM[ZA

Zooplankion phosphorus

APZ1/dt=KFZ1 - FZ1~KDFZ. KD+ FZ1-KG- F21.-Ws3- FZ1/Z

AFZ2/dt=KPZ2 « FZ2~KDFZ « KD2 - FZ2~KG« FZ2+Wn3 «
FZM/Z-Wa F22/Z

dFZ3/dt=—KDFZ- KD3 « FZ3.KDFZ- KDI} - FZ34Ws3 - FZ2/y
[Z3~Wm+ FZ3/23

dFZA/dt=KDFZ- KD4 - FZA+Wm -+ FZ3/ZA-Wm - FZA 24

Sadiment absorbed phosphorus

dBPA3/dt=-KBP (EPA3-CP3/a )

dBPR3/dr="KR-(EPR3-13" § + o *MO)-(CP3{CP3+CP30))

dBP4/dt=-KEP(EP4-CP4/ o )

Dissolved oxygen

d4CO1/di=Dz* (CO2.CO1¥Z*+Rop - PRO1 + FPi-Rop* KD} »
PFP1-Roc: KDC (COD1-0.5)-Roc RKD KD1+ PCI-ROP-
KDFZ-KDI + FZI+LDO/SA/Z-KA - (COi-COsatVZ-4.57
KCN1-CN143.43-KN1+CNNL

4C02/dt=Dz (CO1-CO2VZ + 7 *Rdm* D+ (CO3-CO2)Y(05+
73+ Z)4Rop* PROZ * FP2-Rop * KD * PP2-Roc KDC +
{COD2-0.5)-Roc RKD « KD2 * PC2-Rop * KDFZ - KD2.«
FZ2-7 +Rop-KDB + FP3 - B3/Z- 7  Rop- KDFZ- KDB -
PZ3+Z3/24.57 KCN2+ CN2+3 43 - KN2- CNN2

4CO3/d1=Rdm- D+ (CO4-COBW(0.5 - 23+ Zm)+Rdm + D+(CO2-
CO3N(0S- B’)dlulr KD3 - FP3-Roc+ RKD* KD3 « PC3-
Rop* KDFZ- K73+ FZ34.57 « KCN3 - CN3+43.43 < KN3 -
CNN3

dCO4/dt=Rdm * D+ (CO3-CO4Y(0.5 + Z4 - Zm)-Rop* KD4 - FP4-

NO8-nitrogen

dCNN1Adt=Dz + (CNN2CNN1yZ*.PRO1
FN1+KCN1-CN1-KN1 - CNN14+0.5- LNSA/Z

dCNN2/t=Dz - (CNNL.CNN2YZ%¢ , - D - (CNN3.
CNN2)KO.5 - Z3 - )-PRO2 * Renn2 - FN2+KCN2 « CN2-
KN2:CNN2

dCNN3/dt=D2 - (CNN4-CNN3)/(0.5 - Z3 « Zm)}+D * (CNN2-
CNN3)KQS + Z3%)+KCN3 - CN3KN3 + CNN3-Wm -
CN3/23

dCNN4/dr=D + (CNN3-CNN4)/(05 - Z4 * ZmM+KCN4 + CN4-
KN4- CNN4+Wimn - CNN3/Z4-Wm - CNN4/24

Ram! -

Sediment absorbed nitrogen
JEN3/DT=KEN-(EN3-CN3/ ¢ )
JEN4/dt=KEN - (FN4-CN4/ ¢ )

Roc+ RKD - KD4 - PCARop - KDFZ « KD4 - 24457+ Organk nitrogen
KCN4- CN4+3.43- KN4+ CNN4 dFNid=Rap FPi (i=1~4)
dMOJd=-KMD - MO - COIACO3+COI0NRX * KMP- M+ o)

CO2CO2+€020)
dMdL=KMD + MO - CO3XCO3+CO30)-RX » KMP - M -
CO2/C02+CO20)

NH.-nitrogen

dCN1/=Dz - (CN2-CNIYZ*-PRO! * Renl + FNI4KDI -
FN1+Rop- KDFZ-KDI - FZI-KCNI < CN140.5 LNSA/Z

dCNZA1=Dz- (CN1-CN2YZ+ y * D+ (CN3-CNZY(0.5+ 23+ Z)-
PRO2- Ren2 « PN24KD2 - FN2+Rnp - KDIZ.« KD2+ FZ2+
7 <KDB - FN3 - ZYZ+ y + Rup - KDFZ - KDB « 23/2-
KCNZ-CN2

4CN3/dt=D + (CNA-CN3Y(0.5* 23+ Zmp4D - (CN2-CN3Y(0.5 -
Z3%+KD3 - FN3+Rup - KDFZ + KD3 - FZ3-KCN3 «
CNIHKEN/w)* (EN3-CN3/ ¢ }-Wm- CN3/Z3

dCN3/d1=D + {CN3-CN4Y(0.5 - Z4 + Zm)+KD4 - FNa+Rap -
KDFZ - K4 » FZ4~KCN4 » CN4+KEN/ w ) * (EN4-CN4/
«

)

dCODI/dt=-KDC + (COD1-05}Dz - (COD2-CODIYZ? +
LOOD/SA/Z

dCOD2d=KDC- (COD2-0.5)}+Dz(COD1-COD2YZ

TCOD1=CODI4(FP140.2* FZ1)- (143/3)+PC}

TCOD2=COD2+(FP2+0.2* FZ2) (143314 PC2

Detritug (COD)
dPC1/d1=PRO1 FP}  Rpe- (Rop/Roc)-RKD - KD1 « PCI-Wad ¢
PCYZ
dPC2/di=PRO2+ FP2+ Rpc- (Rop/Roc)}RKD- KD2+ PC24+Wa2 -+
PCI/2-Ws2-PCYZ
dPC3/d=Wn2. PC2/ y [Z3-RKDKD3« PC3-Wm « PC3/23
dPCA/dt=—RKD»KD4 - PCA+Wm - PC3/ZA-Wen+ PCATZA
PRO1=KP1-(CP1+ 7 -FPUACRO+CPI+ 5 <FP1) (a)
PRO1=KP1(CN1+ 7  FNIACNO+CN14 7 ‘FN1) (b)
(less valuc adopred)
LP, LDO, LN, LCO; Loads from outside (driving functions)
SA:Surface arca.

Table 4 Parameter values of water / sediment interaction model

KDi | 0.32~0.66 [1/day] {KR 10° [1/sec) COsat 7.00~10.17 [mgA] __{Ron 15.1
KDj | 0.001~0.11 [1/day] |KMP 0.1 {1/day] a 0.25 [g/mi] Roc 3.0
KPi | 0.44~5.48[l/day] [KMD 0.1 {1/day] w 1.6 Rpc 0.01
(1=1,2; j=3,4) KA 191~517 [cm/day] {8 0.1 RKD 0.08
KDB 0.02 [1/day] Dz 0.15~2.16 [cm¥sec] |y 0.78 [mi/g] RX 03~17
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Fig. 4 Water / sediment interaction model
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