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Assessment of Ecosystem Response to Nitrogen Loading in the Harimanada
Using Food Chain Model by Monte Carlo Method
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Harimanada, the eastern part of the Seto Inland Sea, has recently faced oligotrophication. As a countermeasure, operation

controls are being carried out to increase the discharge of nutrients, including nitrogen, at sewage treatment plants. This

study evaluated the response of ecosystems in Harimanada to nitrogen load from inflowing rivers by using a food chain

model. The model well reproduced the concentration levels of total nitrogen, phytoplankton, and zooplankton in Harimanada

in 2010s. Increasing nitrogen loading decreases the proportion of biomass of phytoplankton in response to increased nutrient

in seawater; however, the composition of biomass remains unchanged, indicating that phytoplankton is the rate-determining

step in the ecosystem of the Harima-nada.
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Fig.1 Structure of food chain model, N: Nutrients , P:
Phytoplankton, Z: Zooplankton, F: Fish (Planktivorous and
Piscivorous)
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dt = Gfl - Pfl - Efl - Rfl (4)
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Fig.2 Calculating area in Harimanada
Table 1Initial conditions

Name Unit | Coast | Offshore

Phytoplankton gC/m® | 0.4 0.078

Zooplankton gC/m® | 0.03 0.03

Planktivorous Fish | gC/m® | 0.07 0.07

Piscivorous Fish gC/m? | 0.035 0.035

Nutrients gN/mé [ 0.18 0.17

Table 2 Model input data
Value
Name Unit
Coast Offshore

Volume m’ 1.76x10" [6.45x10™°
Average Depth m 225 29.6
Production Layer Depth m 17.3 19.4
Inflow Load of TN from Land oN/day |2.30x10” |1.59x10°
Inflow from Bisanseto to Harimanada m*/day |3.29x10® |1.70x10°
Outflow from Harimanada to Bisanseto | mday |1.84x10® |1.01x10°
Inflow from Osaka Bay to Harimanada m°/day |3.68x10°
Outflow from Harimanada to OsakaBay |m’/day |4.77x10°
Inflow from Kii Channel to Harimanada ~ |m°®/day 2.55x10°
Outflow from Harimanada to Kii Channel |m*/day 9.91x10°
Inflow from Coast to Offshore m’/day 1.08x10°
Inflow from Offshore to Coast m*/day |1.04x10°

2.4 FEHEH

STEP2 CTHEAIGME L TRE LEKREIZOWNT
Table3 |Z5~d, STEP2 (B W CHEHEE A T2 &
TCROHPAZING S, TOET VEARHAET LD T



RT A=Ky NOEIENBITORD,

Table 3 Value range of Nutrient and Biomass

Coast Offshore
Name Unit
Min | Max | Min | Max
Phytoplankton gC/m?3 001 | 045 001 | 023
Zooplankton gC/m*® | 0.006 | 0.09 | 0.006 | 0.09

Planktivorous Fish gC/m?3 001 | 025| 0001 | 0.25

Piscivorous Fish gC/m® | 0001 | 0.25| 0.001| 025
Nutrients gN/m® 01| 04 01| 04
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Fig.3 Simulation results, Observation is average from2010 to 2019°.
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Fig.4 Simulation results: Average of each biomass and TN
concentration at inflow loads fluctuation. Graph of biomass is log-log
graph. Blue: coast, orange: offshore.
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Fig.6 Biomass composition ratio
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