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ABSTRACT: The primary production of phytoplanktons produces organic matter in high concentration in eutrophicated Hakata Bay,

Japan, even during the winter season in spite of low water temperature. Phytoplanktons are considered to have any biological
capabilities to keep activities of photosynthesis under the unfavorable conditions, and this affects water quality of the bay. In this study,

seasonal variations in primary production efficiency were predicted by using a simple box-type ecosystem model, which introduced the
concept of efficiency for absorption of solar radiation energy in relation to growth of phytoplanktons under the low solar radiation

intensity. According to the simulation result of primary production, it was indicated that the efficiency of primary production in winter is
higher than that in summer. It was suggested that the organic pollution comes from dissolved organic carbon (DOC) throughout the

year, DOC of which is originated from the primary production of phytoplanktons on biological response of the seasonal variation of

ambient conditions.
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Fig 1 Observation stations of water quality and river discharging points in Hakata bay. The HE region denots calculation domain in
this study

Table 1 Inflow of freshwater discharge and pollutant loads into
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Fig. 3 Seasonal variations in (a) DOC and POC, (b) Phyto-
plankton, and () NHy'-N and NO;-N at the surface layer of St.
E-2 in Hakata bay
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Fig. 4 Reaction system of photosynthesis by phytoplankton (Conn et al., 1965)
Table 2 Definition of symbols and value of preset parameters in the model

Symbol Definition msetcﬁ;:;:.:: and Symbol Definition Value Unit
He Final growth rate of phytoplankton w(S) - A - AD- ¢ /j; Growth rate at infinite €y 4.0 1/day
174 Respiration of phytoplankton u(S) - AD)-0.1 #;'j Growth rate at infinite € p 5.0 1/day
#(S)  Growth rate decieded by interdependence min (fty, f2p) a2, A3 Constant for function of T 025, 0.1 -

among nutrients (Nitrogen, Phosphorus) ,32’ 183 Constant for function of T 0.06,0.04 -
fy  Growth rate decieded by nitrogen (N) uk - (A—avQwn a’ Minimum cell quaota of N 00325  pmolfcell
Up Growth rate decieded by phosphorus (P) #;': - (1— q{; /1Qp) C][f Minimum cell quaota of P 0.0025 pmol/cell
QN Dependence term on nitrogen qév-i- & v+ @ nos Vimax™™  Maximum intake rate of NH; 25  pmolfcell/day
Qp Dependence term on phosphorus q(I)) + @ poy Vimax™®  Maximum intake rate of NO, 038 pmol/cell/day
@ nmy  Half saturation term of NH, Vmax™™ S ) (Ko + S a) Vmax™  Maximum intake rate of POy 10 pmol/cell/day
& N Half sawration term of NOy 3 VmameSNa;/ (Kna+ Snes)  Swin Concentration of ambient NH,4 - uM
@ ppy Half saturation term of PO, Vmax™S rot/ (K poy + Spoy) S Concentration of ambient NO;3 - #M
A T) Dependence term on water temp.(T) (T Ty exp(0—T/T)}® Spa Concentration of ambient PO, - M
AD Dependence term on light intensity ((I/1, - exp(1— I K Half saturation coeff. of NH, uM
I Light intensity at measurement depth I=1, - exp(—Fk-2) Ky Half saturation coeff. of NO; #M
To Optimum water temperature (7) 300 C Kpg Half saturation coeff. of PO, nM
1o Optimum light intensity (7) 456 ly k Light dissipation coefficient 1.7 1/m
Is Light intensity at surface of sea ly A Measurement depth - m

9JT} (MaCarthy er al., 1977). ©]%= NH,-NZo] NOy-NEi= o}=
AHEOE F54E&w7) weli] A ZUdA] NOy-Ne| #hgld] &
83 AP gl ol gl of e Houx] S %—i"ﬂk%‘?
A7 wEQ Aoz A OMZEW NH,"-Nel] 2]&F NOs-N9] &

AA a3} (Hhe 2oz T HrHZevenboom & Mur, 1981).
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=1} (Nakamura, 1985).
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Fig. 5 Comparison between calculated and observed results, at St.
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Fig. 6 Comparison between calculated and observed results, at St.
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