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ABSTRACT: To predict the influence on fish stocks which were caused by environmental change in the fishing ground of shallow sea
areas, we have developed the Shallow-Sea Ecological Model(SSEM) which that focuses on living organisms, especially fish and benthos.
By applying the SSEM in the Seto-Inland Sea of Japan, we have simulated another aspect of influence on fish stocks that was caused
by oxygen deficient water mass and nutrient loads. From the simulated result of the fish stocks, it was indicated that the stock of fish
and benthos has shown a relative difference between the western sea and the eastern sea in the Seto-Inland Sea. According the to
prediction, results of fish stocks that were caused by oxygen deficient water mass, it was estimated that the pelagicfish stock increases
about 6 %, whereas the stocks of demersalfish and benthos decreases about 30% and 70 %, respectively. On the other hand, it seemed
that there was an increased in the fish stocks of demersalfish and benthos in the eastern sea of Seto-Inland Sea by nutrient loads

reduction.
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% Name of sea basin ; Suo-nada(SUQ), Iyo-nada(lYO), Aki-nada(AKI), Hiuchi-nada(HIU), Bisan-seto(BIS),
Harima-nada(HAR), Osaka bay(OSA), Kii-suido(Kll), Bungo—suido(BUNGO)

Fig. 1 The net exchange flux and box division of the eight basins two layer model in the Seto-Inland Sea, Japan
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Table 1 Standing stocks of nutrient and primary production in
the Seto-Inland Sea

Box TN Phytoplankton  Zooplankton
SUO 0.20 0.029 0.0029
IYO 0.17 0.035 0.0024
AKI 0.21 0.040 0.0021
HIU 0.21 0.042 0.0032
BIS 0.30 0.039 0.0028
HAR 0.26 0.042 0.0038
OSA 0.59 0.044 0.0053
KII 0.25 0.023 0.0015
Average 0.27 0.037 0.0032

C/Chl-a 26.5 -
C/N 5.11 8.49
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Table 2 Classification of species group for fish and benthos

Pelagic Fish
Plankton feeder(Pelagic Fish 1) Fish feeder(Pelagic Fish 2)

Sardine Horse mackerels
Anchovy Yellow tail
Anchovy larvae Scomberomorus
Mackerels Other fishes
Gizzard shad
Other fishes
Demersal Fish

Plankton feeder(Demersal Fish 1) Fish feeder(Demersal Fish 2)
Butter fish Bastard halibut
Sand lance Lizard fishes
Mullets Eel
Other fishes Ribon fish

Sepia

Other Squids

Other fishes

Benthos

Benthos feeder(Benthos 1) Detritus feeder(Benthos 2)
Kuruma prawn Ark shells
Other shrimps Clam
Mantis shrimps Short necked clam
Other crabs Abalone
Blue crab Turbo

Other shell fishes

SSEM two layers Model
Phyto

I upper
Copepod
PelagicFish 1

PelagicFish 2

| Nutrient

’_Detritus

lower

Nutrient

Copepod

IDemersalFish 1

Detritus

Benthos 2

Y
l Benthos 1

—>
—
............... )

: absorption,prey
: excretion,death
: decomposition, urination

Fig. 2 Components and material flow in each box of SSEM model
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Table 3 Mathematical equations of SSEM model
Components Eguations Symbols
Inanimate (Nutrient, Detritus) s W, =>Uu-> E, W, : weight of nutrient (kg)
AAI/It/ W, . weight of detritus (kg)
Atd =—Kd - Wy+ 2 F—2E, E, : absorbed of nutrient (kg/day)
o ' E, . absorbed of detritus (kg/day)
Livings (Phyto, Copepod, Fish LW E-F—-U—-R-—D W : weight of livings in a box (kg)
Benthos) A~ At tep (day)
E=Wx G - time step. ay
F=FE x Kf E  food requirement (kg/day)
U=E X Ke F : faecal amount (kg/day)
R=W x Ky- g™ TEMF U : excretion amount (kg/day)
D=W x Kd- ™ TP R respiration amount(kg/day):
D death amount (kg/day)
Phyto G= Gmaxx __(n=Kn/W _ G : grazing rate (1/day)
Ks+(n— Kt/ W C . s ) (1/day)
tut- TEMP max . maximum grazing rate ay
Gmax=Kg- e ' SLTLIM n : food amount (kg)
(1.0= 55057 Kg : °
_{_s_ 2000 g : max. growth rate at 0°C(1/day)
LTLIM_( 500 ) Kf : faecal ratio (-)
= light - ¢ 00 % # Kt : threshold of grazing (mg/l)
k=0.044 (8.8 W)+(0.054- W- 1000)27 Ks : half*s:?turatlo.n constant
Ke : excretion ratio (-)
Copepod G=Gmax>x(1—exp(Ks (Kt- V—n)| W) K7  respiration rate (1/day)
Gmax= Kg - &' TE4P Kd : death rate (1/day)
Kgt,Krt,Kdt : TEMP constant (1/C)
' o B (n—KDIW TEMP : water temperature (T)
Fish, Benth95(Pelag1cF15h1 -2, G= Gmaxx Kot (n— KD W W, © weight of fish moving from
DemersalFishl - 2, Benthosl - 2) Gmax— Kg - &/ 4P box 7 to j (kg)
Q; * water volume of flowing from
Reproduction of Fish Woe=0.0125 - W box i toj ( 10°m%/ day)
Kc : exchange coefficient (-)
Movement among boxes Wmz=Kc- W- Q;/ V- &t V_: water volume in box 7 (10%m?)
Table 4 The value of preset parameters used in the SSEM model
Components Parameters
D Ks Kt Kg Kot  Kr _Krt Kd Kdtr  Kf Ke Kc Food
Phvto 1.8 0.0 05 0.0633 001 00524 0.003 00524 00 0.0 09 Nutrient
Copepod 0.2 0.0 0.2 0.0693 004 00693 0.0 0.0693 0.01 0.01 0.7 Phyto
juvenile 0.024 0.0 0.03 00693 001 0.0693 00 00693 0.2 0.1 0.0 Copepod
PelagicFishl young 0.007 0.002 0013 00693 0006 0.0693 00 00693 0.2 0.1 0.0 Copepod
adult 0.009 0.003 0006 00693 0003 0.0693 00 00693 02 0.1 0.0 Copepod
juvenile 0.013 0.0 0.0243 0.0093 001 0.0693 00 00693 02 0.1 0.0 Copepod
young 0.003  0.0004 0.0031 0.0693 0.001 0.0693 00 00693 02 0.1 0.0 PelagicFishl
PelagicFish2 (day <740)
adult 0.29 0.0004 0.0017 0.0693 0.0002 0.0693 00 00693 02 0.1 0.0 PelagicFishl
(dayy 365)
juvenile  0.0014 0.0 003 00693 0.01 0.0693 0.0 00693 02 0.1 0.0 Copepod
DemersalFishl young 0.0004 0.0004 0.013 0.0693 0.006 0.0693 00 00693 0.2 0.1 0.0 Copepod
adult 0.0003 0.0005 0.006 0.0693 0.003 0.0693 0.0 0.0693 0.2 0.1 0.0 Copepod
juvenile  0.0006 0.0 0.0243  0.0693 0.01  0.0693 0.0 00693 02 0.1 0.0 Copepod
young 0.0002 0.0 0.0031 0.0693 0.001 0.0693 00 00693 0.2 0.1 0.0 DemersalFishl
DemersalFish2 (day <730)
adult 0.01 0.0001 0.0017 0.0693 0.0002 0.0693 0.0 00693 0.2 0.1 0.0 DemersalFishl
(day> 365)
juvenile 0.006 0.0 0.032 00693 0.015 0.0693 00 00693 02 0.1 0.0 Copepod
Detritus
young 0.0002 0.0001 0.005 0.0693 0.002 0.0693 00 00693 02 0.1 0.0 Benthos2 (day
Benthosl :
{730), Detritus
adult 0.064 0.00015 0.002 0.0693 0.0005 0.0693 0.0 0.0693 0.2 0.1 0.0 Benthos (day
{365), Detritus
juvenile 0.01 0.0 0.0576  0.0693 0.02 0.0693 00 - 00693 0.2 0.1 0.0 Copepod
Benthos2 Detritus
young 0.009 0.0003 0.0245 0.0693 001 0.0693 00 00693 02 0.1 0.0 Detritus
adult 0.0063  0.0004 0.0038 0.0693 0.0014 0.0693 0.0 0.0693 0.2 0.1 0.0 Detritus

Note) 1) juvenile :
2) PelagicFish 1 (day <740) means that the fish feed on PelagicFish 1 younger than 740 days.

under one vear old fish, young : one year to three year old fish, adult : over three years old fish

3) Reproduction time of the fish : the 120 days from calculation start (only, the fish of older than 550 days).
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Table 5 External force and driving functions in the SSEM model

Items Functions

Light intensity  fight=390+ 170 - sin{% . (day—80)}

2r

365
T,=16.46+7.73 - cos[ZT’g - (day—222))

Water temperature 7,=17.63+8.52 - cos{ . (day—219)}

Dy

Qz=A" G5 7,7 2)

Vertical mixing

Vertical mixing if,day <74 D;=1.440 - cdz

11 _ 2
coefficient A< day <192 DZ:[1.6—( day--103 )}-cdz
_ 2
192< day <266 DZ={0.1+( day Al )}-cdz
_ 2
266<day 290 DZ:{1.44—(%)} . ode
290< day Dz=1.440 - cdz
Q, vertical exchange volume (com’/sec), T\(7T;) water
temperature of upper(lower) water (C), /lght light intencity
(lux), day elapsed time from 1 Jan., D, vertical mixing

coefficient ( em?/sec), cdz base value of Dy (eom®/sec), A
interface area between upper and lower boxes (cwm?), Zy(Z)
depth of upper(lower) box ( cm).
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Fig. 6 Comparison results of fish catchs and calculated net production of fish stocks in the Seto-Inalnd Sea by SSEM
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Fig. 7 The change of fish stocks caused by oxygen deficient
water mass
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