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Fig. 1. Study area and location of sampling sta-

tions. Sta. B4: station for sediment sample; Sta. U
and Sta. K: sampling site of hydrological measure-
ments in ebbing water.
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Table 1. Parameters used in the model and their references.
time step of calculation dt 100 s 1)
volume of sediment layer Ve 25%x10° L
Vi1 125x10° L
Va2 25x10% L
surface area A 2,500 m?
length between the sediment layer and lower boundary H, 10%m
lenght between the sediment layer and upper boundary H, 50.25x107% m

vertical eddy diffusivity between the sediment layer and lower boundary  Kwvs 9.8x10 " m’ s | tuning
vertical eddy diffusivity between the sediment layer and upper boundary K, 107" m?s™? tuning
sinking speed of detritus wq 1.0md! 2)
maximum specific nutrient uptake rate by microphytobenthos Vmg 1.68d°T 3)
half saturation constant for DIN uptake by microphytobenthos Kns 0.16 mgN L! 4)
ratio of extracellular excretion of DON by microphytobenthos A2, 0.135 5)
mortality of microphytobenthos at 0°C Mpo,  3.0x107* L mgN~'d™' tuning
temperature dependency of mortality of microphytobenthos Kmps 0.069 °C~! 5)
grazing rate of deposit feeder Gsp 20x107* L mgN ' d™! tuning
temperature dependency of grazing of deposit feeder kg 0.069 °C™! 5)
constant for urine generation of deposit feeder Qsp 0.4 5)
constant for fecal pellet generation of deposit feeder Bsb 0.3 5)
mortality of deposit feeder at 0°C Mzogp 55x107* L mgN ' d™! tuning
temperature dependency of mortality of deposit feeder Kmzs  0.069 °C™! 5)
constant for urine generation of suspension feeder Qsd 04 5)
constant for fecal pellet generation of suspension feeder Bsd 0.3 5)
mortality of suspension feeder at 0 °C Mzo0sq 1.5x107* L mgN™'d™! tuning
temperature dependency of mortality of suspension feeder Kmxeq 0.069 °C! 5)
decomposition speed of detritus to DIN at 0°C Vnis 0.030d7! 5)
temperature dependency of decomposition of detritus to DIN Kovnis 0.069 °C~! 5)
decomposition speed of detritus to DON at 0°C Vno, 0.030d7! 5)
temperature dependency of decomposition of detritus to DON Kvno, 0.069 °C™! 5)
decomposition speed of DON to DIN at 0°C Vdi, 0.030d ! 5)
temperature dependency of decomposion of DON to DIN Kodis 0.069 °C~? 5)

1) Onitsuka et al.(2002), 2) Hata et al.(1995), 3) Montani et al.(2003), 4) Nishijima et al.(1990),

5) Kawamiya et al.(1995)
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Fig. 3. Boundary conditions for the numerical ecosystem model of the tidal flat in the Seto Inland Sea. (a) Ts:
pore water temperature in the sediment box. T,,: seawater temperature in the upper boundary condition.
(b) light intensity. (c) DIN,: DIN concentration in the lower boundary condition. DIN,,: DIN concentration
in the upper boundary condition. (d) PHY,,: PHY concentration in the upper boundary condition. (e) Wes:
soft-body dry weight per individual of suspention feeder. (f) mean wind speed.
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Fig. 4. Seasonal variations in calculated (full line) and observed (dot) values of DIN, , PHY,, ZOOsq4, ZOOs,
in the sediment box of the tidal flat in the Seto Inland Sea.
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Fig. 5. Annual average values of nitrogen standing stocks (x10~5 KgN m~2) and their fluxes (x107% KgN
m~2 d7!) in the sediment box of the tidal flat (upper figure) and in the water column (lower figure) in the
Seto Inland Sea. PHY: Primary producer, ZOO: Secondary producer, DET: detritus.
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Fig. 6. Annual average values of (a) nitrogen stand-
ing stocks (x1072 KgN m~2) and (b) their fluxes
(x10~*KgN m~2 d~') in the benthic and pelagic
systems of the Seto Inland Sea. Black and white

0.0

bars show the benthic and pelagic systems, respec-
tively. PHY : Primary producer, ZOO: Secondary
producer, DET : detritus, P. P.: Primary produc-
tion, S. P. : Secondary production.
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Fig. 7. Seasonal variations of the limiting factor of
primary production in the benthic (thick line) and
pelagic (thin line) systems of the Seto Inland Sea.

EEHEMNIOWVWTRTAHD E, FHERIZBWTITE
ERBEDNEAREFIBTIER L 2o Tz, ZH

W2 LT, EBARIZBWTIE 7T B~8 AIZEEHRNK
EREHRTHERE 25 & XEBRWT, BENKE
BAEHIRT S ERERE 2o T, 5612, KER
EBRERICBVWTREICLAHBITIZEALRLLS
W2 DIZK LT, REEEHKIZLDHIROESVITR
7o TWT, EAERIZBWTREE & HRIEER %
RTDESWVITNINWIE LY, BERTIIERERE
HARTRBREBENS, KEMN1m EENZHIZE
BONNEE, —REENELRDLEEZOLND,

J F M A M J J A S O N D

Fig. 8. Seasonal variations of the Primary Produc-
tion/Biomass of primary producer in the benthic
(full line) and pelagic (broken line) systems of the
Seto Inland Sea.
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Fig. 9. Seasonal variations of the nutrient supplied
from outside the box / primary production in the
benthic (full line) and pelagic (broken line) sys-
tems of the Seto Inland Sea.
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Numerical Model on the Seasonal Variation
of a Benthic Ecosystem in a Tidal Flat

Yumiko Yara ', Tetsuo Yanagi ¥, and Shigeru Montani **

Abstract

A benthic ecosystem model was developed on the basis of a pelagic ecosys-
tem model of Kawamiya et al.(1995). Nitrogen cycling in an intertidal flat
of the Seto Inland Sea was analyzed using the benthic ecosystem model (but
microorganisms like bacteria are not considered). The main pathway of the ni-
trogen cycling is nutrients — microphytobenthos — detritus — nutrients. Next,
for a better understanding of the benthic ecosystem, the benthic model results
were compared with the pelagic ecosystem model analyses (Hayashi and Yanagi,
2002). In the benthic ecosystem, the amount of primary production is only
slightly limited; that is, primary production per biomass of primary producer
is large and much of the nutrient used for the primary production is supplied
from the deeper part of the sediment.
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