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Dye-diffusion Experiments in A Narrow Passage and Approaches

Hideaki NAKATA and Toshiyuki HIRANO
(Ocean Research Institute, University of Tokyo)

Abstract

The Seto Inland Sea is surrounded by Honshu, Shikoku and Kyushu. It is about 450 km

"in length and about 40-50 km in breadth. This part of the sea is very important for fisheries
of Japan, because it contributes about 37 % of the total coastal fisheries production. But the

problem of environmental pollution has come out in this area recently. Many passages and

their approaches in the Seto Inland Sea require special mention because spawning and nursery

grounds of several commercially important fishes exist in these regions. However, only very

little information is available about the hydrographic conditions of such narrow passages,

which play important role in the transportation and diffusion processes of fish eggs and larvae

originated in the waters adjacent to them.

In order to study the details of the diffusion processes, dye-diffusion experiments were
carried out in the Mekari-Seto (Passage) located at the central part of the Seto Inland Sea,
during 24 to.26 July, 1975. These experiments made it clear that there were two distinet
characteristics which were contrary to each other in the diffusion processes in the passage.
One is the horizontal and vertical shear diffusion or the divergence processes caused by upwell-
ing, which dispersed the materials to a broad extent. The other, contrary to the above is
the convergence or the stagnation of sea water in the coastal areas, which permits the
materials to stay in the passage for a long period of time.

These processes seem to be significant in interpretation of the mechanism of supplying
fish eggs and larvae to the nursery grounds.
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Bathymetric chart of the Mekari-Seto and stations of experiments on diffusion of dye.
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Table 1. List of experiments on diffusion of dye patch in the Mekari-Seto.
(135%) Time of Releasing Tide RS:;;S te d ‘?{ﬁ z‘;?;eogo}} eslgzll.s)e
July, 24 11:52 Slack (flood to ebb) Stn. 3 200 1
11:54 ” Stn. 1, 2 200
12:20 ” Stn. 2 200 (%)
July, 25 10:00 Max of flood current Stn. 2, 3 300
10:01 » Stn. 1 300
) 15:24 Mazx. of ebb current Stn. 1,2,3 300
July, 26 08:30 Flood current Stn. 4 300
(1 hour after turn of tide)
08:38 ” Stn. 5 300
13:25 Ebb current : Stn. 7 300
(0.5 hour after turn of tide)
13:30 ” Stn. 6 300
13:35 ” Stn. 8 300
15:05 Ebb current Stn. 8§ 200
(2 hours after turn of tide)
15:15 ” Stn. 7’ 300
15:19 ” Stn. 6/ 300

(*) Amount of additional release
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Fig. 2. Sketches of the area of dye patch, uranine 2% sol. 3001 released at Stn. 1.
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Dye patch, released in the ebb(15:24), 25 July,1975,

Fig. 3. Sketches of the area of dye patch, uranine 2% sol. 3001 released at Stn. 2.
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Fig. 4. Sketches of the area of dye patch,
uranine 2% sol. 3001 released at Stn. 3.
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Fig. 5. Sketches of the area of dye patch, uranine 2% sol. 3001,
released in the flood at Stn. 4 and Stn. 5, 26 July, 1975.

Table 2. Estimated values of diffusion coefficient (K)
Released Tide Stn. 1 Stn. 2 Stn. 3 Stn. 4 Stn. 5
Slack 5.1x10% — 12.0%x10°

(1.4~10.7) (6.1~22.1)
Flood Current 42.2%x 10 1.3%x10° 15.1x10° 4.8%x10° 1.0x10°

(2.0~71.8) (0.8~2.4) (7.4~22.0) (2.5~9.1) (0.5~1.4)
Ebb Current 2.2%x10° 9.7x10° 12.8%10°

(0.5~3.3) (0.5~26.6) (10.9~14.6)

Stn. 6 Stn. 7 Stn. 8 Stn. 6’ Stn. 7’ Stn. 8’

Ebb Current 6.3X10°  4.5X10°  7.3x10°  3.0x10°  5.7x10°  3.7x10°

(2.9~19.0) (0.6~9.5) (0.5~18.9) (0.7~5.2) (2.9~10.6) (0.4~5.8)

(~): Range of diffusion coefficient (X10°cm?®/sec)

e
4(2i—ti-1)

7: equivalent radius of dye patch

¢: diffusion time (HIRANO & SUGIURA, 1958)
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Photo. 1 Dye patches released in the Mekari-Seto at the max. of flood current,
6 minutes after release.

Photo. 2 Dye patch released at Stn. 1 at the max. of the ebb current, 27

minutes after release.

Photo. 3 Dye patches released in the Mekari-Seto at the slack, 48 minutes after

release, showing siome in the center of the Seto.

Photo. 4 Dye patch released at Stn. 2 at the max. of ebb current, 13 minutes

after release.

Photo. 5 Dye patch passing by upwelling region, showing the condition 8
’ minutes later than Photo. 17.

‘Photo. 6 Dye patch released at Stn. 3 at the max. of ebb current, and siome,

5 minutes after release.
"Photo. 7 Dye patch released at Stn. 4 in the flood, 20 minutes after release.
Photo. 8 Dye patch released at Stn. 5 in the ebb, 8 minutes after released.

Photo. 9, Photo. 10 and Photo. 11 Dye patch released at Stn. 7 and Stn. 8

respectively, about 40 minutes after release.

Photo. 12 Dye patch converged to siome. (Stn. 8)
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