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Abstract- The importance of Silicate behavior at the surface receiving water on the shift of dominant phytoplankton speciesis well known.

While the existing models do not always predict the cause-effect relationship well. Here, a simple system dynamics model was proposed to
predict the cause-effect relationship. Using STELLA, the shift of dominant phytoplankton species from diatom to flagellates was well

reproduced together with the decreasing silicate. Thismodel could be a tool for runoff control planning from the catchment.
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. INTRODUCTION

The shift of dominant phytoplankton species from diatom
to flagellate was often observed at some experimenta
ecosystems[1][2] and open seas [3][4][5][6]-

The shift mentioned above is quite important in assessing
the effect of water quality on the fishery stock because,
recently, it is pointed out that diatom initiate the energy flow
to fish while flagellate initiate that to jell yfish [5].

It is quite important to predict the changing silicate stock
and then to predict the resulting ecosystem changes. However,
adequate tool to realize the shift of dominant species together
with the changing silicate availability is still in require.

We demonstrate a simple system dynamics model using
STELLA which has advantages in simulations. The model
described by STELLA icons is shown together with
simulation results.

[I. THE STELLA MODEL DESCRIBED BY ICONS

The basic unit of material flow in STELLA model can be
described as Figure 1. Stock represents changing nutrient
availability, species abundances, etc. In and Out flow
represent the dynamics affecting the stock, such as biological
processes. These could be described as equations. Converter
represents parameters in the equations at In and Out Flow.
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Figure 1 Basic unit of material flow in STELLA
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Figure 2 Description of phytoplankton abundances
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Figure 3 Simple model considering dominant species change accompanied by Si decrease
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In the case, phytoplankton abundance is the target, where 1 isgrowth rate, and X is phytoplankton abundance.
Figure 1 can be written as Figure 2. In the figure, Stock, In
and Out flow and Converters can be defined by operating the 1 can be described by the following equation.
icons. Moreover, the systems shown in Figure 2 can be S
developed as amodel to represent the dominant species L=opm (2)
change accompanied by Si decrease. In Figure 3, Diatoms Ks+S
and Flagellatesincrease is described by the following
equation. where um is maximum growth rate, and Ksis half saturated

dXx constant and Sis Si or N availability.
—=uX (1)

I11. SMULATION RESULTSUSING THE MODEL IN FIGURE 3

With adequate parameters, the model shown in Figure 3 flagellates (Figure 4) and those of Si and N availability
simulates the variations in abundances of diatoms and (Figure 5).
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Figure 4 Shift of dominant species from diatoms to flagellates
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Figure 5 Nutrient availability
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In Figure 4, diatoms quickly decreased as observed in
enclosed ecosystems at the Seto Inland Sea (mesocosm)
[1][2]. The decrease of diatoms was consistent with the
decreasein Si (Figure 5). Thus, the smple model shown in
Figure 3 can describe the superiority of diatomswhen Si is
available. Also the model can describe the activity of

IV.CONCLUSION AND THE FUTURE WORKS

The model shown in the Figure 3 is simple but useful
enough for the sensitivity test for nutrients runoff control
from the catchment to the receiving waters. Currently grazing
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flagellates after diatoms vanished. This simple model is
useful in so many casessuch as1) S and N are given to the
receiving water constantly and ii) Si and N are given to the
siteinconstantly, though currently the stocks are given
instantaneoudly as an initial conditions.

by zooplankton and micro-zooplankton are not considered in
the model. Also the vertical transport of plankton and
nutrients should be considered in the near future.

This study was supported by the Miyagi University Research fund.

REFERENCES

[1] HaradaS., Watanabe, M., Kohata, K., loriya T., Kunugi, M, Kimura,
T., Fujimori, S., Koshikawa, H., Sato, K. Analyses of planktonic
ecosystem structure in coastal seas using a large-scale stretified
mesocosm: anew approaches to understanding the effects of physical,
biochemical and ecological factors on phytoplankton species
succession, Wat. Sci. Tech., 34, 219-226 1996

[2] Harada, S., Koshikawa, H., Watanabe, M., loriya, T., Implication for
top-down control of phytoplankton species succession within alarge
coastal mesocosm, J. Global Environ. Eng., 11, 17-272006

[3] Radach, G.J. Berg and Hagmeier, R., Long-term changes of the annual
cycles of meteorological, hydrographic, nutrient and phytoplankton
time series at Helgoland and at LV ELBE 1 in the German Bight.
Continental Shelf Res. 10, 305-328, 1990

ISSN:2278-5299

[4] Humborg, C. Ittekkot, A., Cociasu A.and B, von Bodungen, Effect of
Danube River Dam on Black Sea biogeochemistry and ecosystem
structure, Nature, 27, 385-388, 1997

[5] Harashima, A, Kimoto, T. Wakabayashi, T. and Toshiyasu, T.,
Verrification of the silica-deficiency hypothesis based on
biogeochemical trends in the Lake BiwaY odo River- Seto Inland Sea,
Japan, Ambio, 35, 36-42, 2006

[6] Harashima, A., Tsuda, R., Tanaka, Y. Kimoto, Y., Tatsuta, H. and
Furusawa, K., Monitoring algal blooms and related biogeochemical
changes with a flow-through system deployed on ferries in the adjacent
seas of Japan. In: Kahru, M. et al. eds. Monitoring Algal Blooms: New
Techniques for Detecting Large-Scale Environmental Change, 85-112,
Springer New Y ork, 1997

73



