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Abstract

In this paper, the validity of the numerical model of fishes’' behavior presented in our earlier

paper was examined by the whiteness test on the residual of numerical model and by the com-

parision between experiment and simulation on several indexes represented by fishes’ swim-

ming characteristics.

The validity of the numerical model was proved statistically by means of the whiteness test

of the residual. The similarity was confirmed by comparision between experiment and simula-

tion for the swimming trajectory of fishes, the mean distance of individual from wall, the mean

swimming speed and the mean distance between the nearest individuals.

These results suggest that the behavior of fishes according to the flow speed in three ~ dimension-

al space can be estimated partially by the numerical model presented in our earlier paper. However,

a long - term approach to improve the modeling technique on the behavior of fishes may be needed

before applying the numerical model presented in our earlier paper to real fishing ground.
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Table 1. Whiteness test on the residual of the numerical model by the experiment in the water tank with-

out model net(N=599, L=>50)

No. of Flow speed(cm/sec)
Item -
fish 0 5 10 15 20 25
e 0.0613
1 5, 6.521 - - - -
LJL 0.06
e -0.0134
2 5. 5.176 - - -
LJL 0.08
e ~0.0347
3 8, 5.694 - - -
LJL 0.08
e -0.0186
5 8, 4673 - - -
L/L 0.06
e -0.0017
7 3, 5.194 - - - - -
L,/L 0.04
e 0.0718 ~0.0016 0.0529 ~0.0610 -0.0622 -0.0652
10 3, 5.260 3.458 2.940 4731 4.920 4.853
LJ/L 0.04 0.04 0.04 0.04 0.08 0.06
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Table 2. Whiteness test on the residual of the numerical model by the experiment in the water tank with

model net(N=599, L=50)

No. of

Flow speed{cm/sec)

Item
fish 0 5 10 15 20 25
e ~0.8630
1 3, 3.754 - - - - -
LJL 0.06
e 0.0010
2 3 4.794 - - - - -
LJL 0.08
e 0.0237
3 8, 4.681 - - - - -
LJL 0.10
e 0.0099
5 3, 3.738 - - - - -
LJL 0.04
e 0.023
7 3, 4.683 - - - - -
LJL 0.04
e 0.0330 0.0331  -0.0579  -0.1855 -0.3722 -0.5344
10 3, 4.721 3.814 4.392 4.392 5.209 6.136
L,/L 0.04 0.04 0.04 0.04 0.02 0.02
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Fig. 1. Stochastic property of the residual by the experiment in the water tank without model net at the
flow speed 10cm/sec. Dotted lines show the 95% confidence limit.
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Fig. 2. Stochastic property of the residual by the experiment in the water tank with model net at the flow
speed 10cm/sec. Dotted lines show the 95% confidence limit.
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Fig. 3. Comparisions between experment and simulation in the water tank without model net on the fish
trajectory and the mean distance of individual from wall at the flow speed 10cm/sec. Dotted line

shows the curve of normal distribution.
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Fig. 4. Comparisions between experment and simulation in the water tank with model net on the fish tra-
jectory and the mean distance of individual from wall at the flow speed 10cm/sec. Dotted line shows

the curve of normal distribution.
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Fig. 5. Comparisions between experment and simulation in the water tank without model net on the mean
swimming speed at the flow speed 10cm/sec. Dotted line shows the curve of normal distribution.
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Fig. 6. Comparisions between experment and simulation in the water tank with model net on the mean
swimming speed at the flow speed 10cm/sec. Dotted line shows the curve of normal distribution.

-335-



R 2 B0 Y ARTES KiE 2YW A BRHR

o T L L] LJ ‘o L] 1 L] L]
~~
E-or 1 30 1
14 o -
~~
z X
-
- 4 >
& 20 o
o Za} ]
o o
z-30 414 O
S o
v
= 10 | 4
=-40}
»n
4
-50 L I I 3 o - | b )
0 60 120 180 240 300 -50 —-40 -30 -20 -10 0
TIME(sec) SWIMMING DEPTH(cm)
(a) Experiment
0 Y Y T T 30 T T T Y
~~
g-10} 4
: W
e Pan)
T Rk i
a.—-20 | 4 >
w 3]
o z
w
[ 2
z o
= Yo} ; .
3 i
= ;
n
-50 n 2 L 1 o Y 1
[} 60 120 180 240 300 -50 —-40 -30 -20 =10 0
TIME(sec) SWIMMING DEPTH(cm)

(b) Simulation

Fig. 7. Comparisions between experment and simulation in the water tank without model net on the mean
swimming depth at the flow speed 10cm/sec. Dotted line shows the curve of normal distribution.

-336 -



ERE - FTRE - RER

0 -r T ™ ™™ 40 T T T T

- s
g-10} 4
L ~30 } i |
z OO

- > F
E-.I 20} 15
=) Z20} .
o 2
z-30} 18 |
=
= E10 3 IR 4
=-40 ] iR
w § %

b B

(o]
60 120 180 240 300 -50 —-40 -30 ~20 ~-10 0
TIME(sec) SWIMMING DEPTH(cm)

(a) Experiment

0 r T T -r 30 T Y y T
~
E-10 : . [ n
<
X ®
- V2O - L
a-20F o4 >
Lud (&)
Q z
Ly
(&)
z-30} g L+
i
3 gor 4 ’
5—40 -1
—-50 i o 1 "l 1 4 A
0 80 120 180 240 300 -50 ~40 -30 -20 -10 Q
TIME(sec) SWIMMING DEPTH(cm)

(b) Simulation

Fig. 8. Comparisions between experment and simulation in the water tank with model net on the mean
swimming depth at the flow speed 10cm/sec. Dotted line shows the curve of normal distribution.
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Fig. 9. Comparisions between experment and simulation in the water tank without model net on the the
mean distance between the nearest individuals at the flow speed 10em/sec. Dotted line shows the
curve of normal distribution.
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Fig. 10. Comparisions between experment and simulation in the water tank with model net on the the
mean distance between the nearest individuals at the flow speed 10cm/sec. Dotted line shows the
curve of normal distribution.
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