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Estimated Sinking Rate and Location on the Seabed of
Scallop Juveniles Sowed at the Sea Surface

Katsutaro Yamamoro!, Tomonori Hiratsar? and Kouichi KoBavasa?

Abstract

In scallop seabed sowing, fishermen release scallop juveniles into the sea at the sea
surface without knowing how they sink or where they settle. In this paper, to help improve
this sowing method, two experiments were carried out; 1) the terminal velocities of sinking
live scallop (Patinopecten yessoensis) juveniles were individually measured in a seawater
column tank, and 2) the distribution of scallop juvenile models in relation to water flow
speed was observed after sinking in a uniform flow water tank. The model was maked by
filling up silicon resin into one pair of scallop shells. The results show that the terminal
sinking velocity was nearly described by the well known terminal velocity formula of a
normal falling body, and about 909, of the juvenile models settled in an ellipse with a radius
equal to twice the standard deviation in both the major and minor axes. Finally, the
distribution of scallop juveniles on the seabed was estimated using a calculation under the
simplest conditions.

Key words : Scallop seabed sowing, Sinking experiment, Scallop juvenile model, Drag
coefficient, Terminal velocity, Normal distribution
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Fig. 1. Initial positon of live scallop juveniles at the start of the sinking experiment in a
seawater column tank. Arrow represents the sinking direction.
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Fig. 2. Photograph of sinking experiment in a seawater column tank to measure the terminal
velocity of live scallop juveniles.
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Fig. 3. Relation between shell height and weight in air and water.
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Fig. 4. Relation between shell height and projectional shell area.
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Fig. 5. Example of sinking paths for live scallop juveniles initially positioned with the right

shell downward (top row), left shell downward (second row), shell hinge downward (third

Sample number is written on the left shoulder
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Fig. 6. Relation between elapsed time and vertical distance in the sinking experiment.
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Fig. 7. Relation between shell height and terminal velocity.
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Fig. 8. Relation between shell height and drag coefficient.
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Fig. 9. Side and top views of sinking experiment in an uniform flow tank showing set x —y
coordinate axes.
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Table 1. Summary of the results of sinking experiment in an uniform flow tank for the scallop
juvenile models. Average model’s shell height is 4.16 cm.

z direction y direction
Flow speed V¥, (cm/s) 0 11.5 314 51.9 0 115 314 51.9
Average seftlement 59 ;9 08 —08 —18 1018 2532 4103
distance (cm)
St’(’;‘lﬁ‘;rd deviation 1, o 13 128 139 128 155 26.3 38.2
Average sinking g.g 796 790 8.05 8.18 7.96 7.90 8.05
time (sec)

Average sinking —022 128 321 510
speed (cm/s) ’ : : ’
Number of models 215 218 218 213 215 218 218 213

o7 0.503
=0.503x+11.3
E y—(n=4, P=0.984)
-’ ag y
: -
& 264
o“ [
E 200
-] £ Oy
T o 0
8 100 ¢ - 12.6
S 10
=
-]
5 1 1 J

10720 30 40 50 60
Flow speed (cm/s)

Fig. 11. Change in the standard deviations (gy, oy} of x and y directions with flow speed.
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25, Table 1 &R FHBEBMEDMEE ZNTN Tn, yn, IBERER 0x, 00 E LTRATEES
IERS 0 DO FER BB

1 _{x—xm)
fx—xm)

f(x)=moxe 20+ (8)
)=y (9)
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Fig. 12. Histograms of the x coordinates of the scallop juvenile model settlement points with
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Fig. 14. Schematic diagram of a sinking scallop juvenile released from a cruising boat.
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Table 2. Calculated values of sinking speeds and sinking distances in z direction and y
direction under conditions of H;=4.16cm, V,=11.5cm/s and 519 cm/s, V,,=0
em/s, V,;=0cm/s, k=1.63/cm (C,=2.0) and 0.407/cm (C,=0.5), V,=13.5cm/s
(C,=2.0) and 27.0 cm/s (C,=0.5).

z direction y direction
C,=20 C,=05 C,=20 C,=0.
Elapesed ¢ ¢ ¢ =05
time V=135 =270 Vo=115 ¥, =51.9 V=115 ¥, =519

V. z V2 [4 v, Yy v, Y V., Yy v, K
(sec) (ecm/s) (cm) (cm/s) (cm) (ecm/s) (cm) (cm/s) (cm) (cm/s) (cm) (cm/s) (cm)

0.00 00 00 0.0 0.0 00 00 0.0 00 00 00 00 00
0.01 29 00 3.0 0.0 18 00 238 01 05 00 91 00
0.02 56 0.1 5.8 0.1 31 00 326 04 10 00 154 02
0.03 78 0.1 8.6 0.1 41 01 372 0.8 14 00 201 04
0.04 95 02 112 0.2 49 01 401 12 1.8 00 238 06
0.05 108 03 135 0.4 56 02 420 16 22 01 267 08
0.06 117 04 156 0.5 61 02 434 20 25 01 290 11
0.07 123 05 175 0.7 65 03 444 24 28 01 310 14
0.08 127 07 191 0.8 69 04 452 29 31 01 326 17
0.09 13.0 08 204 1.0 72 04 459 33 34 02 340 21
0.10 132 09 216 1.3 75 05 464 38 37 02 352 24
0.15 13.5 1.6 251 2.4 856 09 481 6.2 4.7 04 394 43
0.20 135 23 263 3.7 9.1 13 490 86 56 0.7 420 63
0.50 135 63 270 118 104 43 50.7 236 81 28 474 199
1.0 135 131 270 253 109 97 513 492 95 72 496 443
2.0 135 266 270 523 112 208 516 1006 104 173 50.7 945
3.0 135 401 270 793 113 320 517 1523 107 278 Bl1 1455
4.0 135 536 270 1063 11.3 433 51.7 2040 109 387 513 196.7
5.0 135 671 270 1333 114 547 518 2558 110 49.7 b5l4 2480
6.0 135 806 270 160.3 518 3076 111 60.7 5156 2995
7.0 187.3 51.8 359.4 351.0

9.0 135 121.1 270 2413 114 1004 518 4630 112 943 516 4542
10.0 135 1346 270 2683 114 1118 518 5149 113 1055 517 505.8
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Fig. 16. Comparison of experimental terminal velocity and calculated terminal velocity given
in Eq.(15) with C,=2.0.
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Fig. 16. Comparison of experimental and calculated y distances.
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600 m

Current speed 30 cm/s
Depth 50 m \

Fig. 17. Estimated seabed distribution of scallop juveniles sowed at the sea surface. Dashed
line represents boat course. Large arrow represents current direction.
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