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The Approach to Predict Sources of Pelagic Bivalve Larvae
Supplied to Tidal Flat Areas by Receptor Mode Model:
A Modeling Study Conducted in Mikawa Bay

Teruaki Suzuk1'", Tetsuya IcHiKAwWA? and Mikio Momor?

Artificial creation of shallows, including tidal flats and the establishment of sanctuary, is necessary to restore decreasing
resources of the bivalves and their related water purification function. Therefore, it is important to choose areas that will
be the most effective for the recruitment and/or supply of pelagic larvae. We selected the short-necked clam (Ruditapes
philippinarum) as a target species, and observed vertical distribution of the larvae. Using a receptor mode model, we
tried to predict trajectories of the pelagic larvae towards the Isshiki tidal flat areas, where is the biggest fishery ground
for short-necked clams in Mikawa Bay. The results showed the following: (1) Pelagic larvae are distributed in the mid
layer at a depth of about 3 m by some autonomous behavior; (2) Relatively stable amount of biomass in the Isshiki tidal
flat areas depends on multiple larval supply sources; (3) Sources of supply vary greatly with temporal wind-induced
currents; (4) Main sources of larvae supplied to the Isshiki tidal flat areas exist at the inner part of the bay, so there is a
great possibility that the larval supply might have been greatly damaged by extensive coastal reclamation in the past,
and by the hypoxic conditions in recent years; and (5) Artificial shallows should be constructed at the inner-part of
Mikawa Bay so that the small shallows, still in existence at the inner part of the bay, will become more important. The
receptor mode model used in this study has been useful in solving some of the difficult problems faced in restoring bay
environment, such as, “where is the best location to site artificial shallows and/or protected areas?”
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Figare 1. Left figure shows the calculated sphere and the location of three automatic observational buoy systems a‘nc?
Right shows the sampling station for pelagic larvae of short necked-clam(Ruditapes philippinarum) off Isshiki
tidal flat (Depth is shown by Tokyo Bay Mean Sea Level (TM.S.L.) and dotted line shows Mean Low Water

Springs).
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Table 1. Conditions and parameter values for hydrodynamic model in Mikawa Bay.

Content

Selected value

Area
Grid interval
Level locations

Calculated Period

Boundary condition
(Tidal level)

Boundary condition
(Temp. Sal.)

River discharges

Surface wind
Meteorological parameters

Coriolis parameter
Surface friction coefficient

Bottom friction coefficient
Horizontal eddy viscosity/diffusivity
Vertical eddy viscosity/diffusivity

Mikawa Bay

200m~500m

Levell MWL~2m

Level2 2~4m

Level3 4~7m

Level4 7~10m

Level 5 10~15m

Level 6 15m ~ bottom

Start time: May 1 in 1998

End time : May 30 in 1998

Time step: 8 seconds

Tidal fluctuation was approximated by dominant 5 tidal constituents
(M,, S,, K,, O, and Sa) in Morozaki and Irako.

Based on the measurements obtained at No. 3 Buoy.

Yahagi and Toyo river: Based on the daily discharge data by the River Bureau,
Ministry of Construction, Japan.

Yahagifuru river: 0.1XYahagi river.

Hourly local wind field was estimated based on the three Buoy data.

Based on the daily mean measurements in Irako and Nagoya by the

Meteorological Agency of Japan.

8.29X107357! [N 34°45']

0.001X(0.7+0.4 W)

[As a function of wind speed W (ms™')]

0.0026

2.71x10*cm?s™!

Predicted by the turbulence closure model.
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Figure 3. Conceptual figure for the calculation of vertical behavior of plantonic larvae.
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Table 2. Conditions of vertical distribution patterns of pelagic bivalve larvae in the six simulation cases conducted at
two different calculation periods (24:00 on May 27 — 00:00 on May 14; 24:00 on May 15 - 00:00 on May 2) by

receptor mode model

Case No. Conditions of vertical distribution pattern of larvae

Case 1 Larvae were distributed at the depth of 3 m (w,=0.0; k=0.0) during calculation period.

Case 2 Larvae were distributed around 3 m depth with vertical small dispersion (w,=10.0; k=0.00005)
during calculation period

Case 3 Larvae were distributed around 3 m depth with vertical large dispersion (w,=10.0; £=0.00001)
during calculation period

Case 4 From the beginning of calculation, larvae were distributed around 3 m depth with vertical small dispersion
(w,= 10.0; £=0.00005), and during 12 hours before the end of calculation, larvae were left entirely to the
oceanic flow conditions.

Case 5 From the beginning of calculation, larvae were distributed around 3 m depth with vertical small dispersion
(w,=10.0; £=0.00005), and during 48 hours before the end of calculation, larvae were left entirely to the
oceanic flow conditions.

Case 6 During 48 hours after the start of calculation, larvae were distributed at the lowest layer, and thereafter larvae

were distributed around 3 m depth with vertical small dispersion (w,=10.0; k=0.00005), and then during
12 hours before the end of calculation, larvae were left entirely to the oceanic flow conditions.

Accumulated number of particles in the whole area

0 500 1000
0 . ;
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depth (m)

Case3 (May 27—14)
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(May 15—2) _ _ —

Figure 4. Calculated vertical distributions of pelagic larvae at Case 2 and 3 at two calculation periods (24:00 on May
27->00:00 on May 14; 24:00 on May 15—00:00 on May 2).
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Pelagic larvae of Ruditapes philippinarum (inds/m?)
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Figure 5. Upper figure shows the vertical distributions of the
pelagic larvae (140 um<) of the short necked clam (Rudi-
tapes philippinarum) and lower shows the vertical distribu-
tions of the chlorophyll pigment at St.1, observed at 3-hour
intervals from 13:00 on May 27 to 13:00 on May 28, 1998.
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Figure 6. Spatial patterns of mean flow in the upper layer (between surface and 2 m), in the lower layer (between 7m
to 10 m) and in the longitudinal cross section (A—A') calculated by the hydrodynamic model. Figures on the left-
hand side show the results at the period from May 2 to May 15, 1998 and the ones on the right-hand side show the
results at the period from May 14 to May 27, 1998.
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Comparisons of surface flow between the model results and observations by three automatic observational
buoy systems in Fig. 1.
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Figure 8. Comparisons of salinity (psu) between the model results and observations by three automatic observational

buoy systems in Fig. 1.
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Figure 9. The final horizontal distribution patterns of pelagic larvae on six cases calculated by receptor mode model

at the period from May 27 to May 14, 1998.
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Figure 10. The final horizontal distribution patterns of pelagic larvae on six cases calculated by receptor mode model
at the period from May 15 to May 2, 1998.
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