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Abstract

In order to gain a fundamental data for forecast or control of fish behavior and evaluated the fea-
sibility of an application of the modeling technique to a field, in this paper, a numerical model for
describing the behavior of fishes in a water tank was presented. The parameters of the model were
estimated by using the time - series data on the three — dimensional position of fishes and by apply-
ing the least squares algorithm. The estimated parameters were standardized to examine the vari-
ation of parameters according to the number of individuals and flow speed that the mean values of
parameters were to be zero and their variances were to be one.

The results obtained can be summarized as follows :

(1) The standardized parameter a* of propulsive force decreased according to increased the num-
ber of individuals and the flow speed.

(2) The standardized parameter k,* of interactive force increased according to increased the num-
ber of individuals, but decreased according to the flow speed.

(3) The standardized parameter k.* of schooling force increased according to increased the num-
ber of individuals and the flow speed.

(4) The standardized parameter |k,"* | of repulsive force against wall or bottom increased
according to increased the number of individuals, but decreased according to the flow speed.

(5) The standardized parameter |k, * | of attractive force against wall or bottom was generally
constant according to increased the number of individuals, but increased according to the flow
speed.

(6) The standardized parameter v* of damping force increased according to increased the number
of individuals, but decreased according to the flow speed.
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Fig. 1. Schematic diagram of the model net used in experiment.
Table 1. Details of fish size used in the experiment with model net
Flow speed No. of Body weight Body length Body height Body width
(em/sec) fish (g) (em) (em) (em)
1 8.5 8.3 1.92 0.97
2 7.8 7.9 1.92 0.98
0 3 8.5 8.2 1.87 1.01
5 8.0 8.0 1.85 1.04
7 7.1 7.9 1.76 0.99
10 7.7 7.9 1.77 0.99
5 10 7.0 7.8 1.71 0.93
10 10 8.4 8.3 1.79 1.00
15 10 8.7 8.4 1.79 1.03
20 10 5.8 7.5 1.52 0.87
25 10 8.8 8.4 1.82 1.00
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Table 2. Results of experiment in the water tank with model net

Flow speed No. of Swimming Swimming Distance of individuals Nearest distance
OW Spe o0 speed depth from wall of tank between individuals
(cm/sec) fish

(em/sec) (cm) (em) (em)

1 11.8(1.4BL) - 40.0 15.0 -
2 15.9(2.0BL) -35.6 15.6 17.8
0 3 18.3(2.2BL) -27.9 134 11.2
5 15.3(1.9BL) -36.3 14.5 6.5
7 16.9(2.1BL) -28.1 15.5 6.5
10 16.9(2.1BL) -22.0 13.0 5.6
5 10 15.9(2.0BL) ~23.6 8.0 4.8
10 10 16.8(2.0BL) -394 12.0 2.7
15 10 19.3(2.3BL) -33.5 10.8 6.2
20 10 23.1(3.1BL) -33.9 14.7 5.8
25 10 26.1(3.1BL) -33.3 15.3 5.8
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Fig. 2. Three - dimensional geometry of fish behavior.
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Table 3. Values of known parameters by the experiment in the water tank

Experiment mig) viglem) aolem) Sem) d*(cm) d"(em) d (em) d' (em)
without model net 8.6 0.07 5 30 19.5 9 40 22.5
with model net 7.9 0.07 2 18 7.5 9 17 22.5

notes ; m mean weight, v drag coefficient, « range in which mutual repulsion acts, & critical distance for schooling force,
d” and d" critical distance in which repulsive force against wall or botttom, d and d' critical distance in which

attractive force against wall or bottom.
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Table 4. Estimated mean values of the model parameters by the experiment used in water tank without

model net
Flow No. Estimated parameters

speed of a kb ke kw* kw kpc kpu
(em/sec) fish (gem/s?) (gem/s?) (gfs) (g/s) (g/s) (gem/s?) (g/s)

1 146.2 - - 3.8 ~-0.1 92.8 -

2 717 77.7 5.0 31 -0.1 344.8 -

0 3 80.3 56.5 84 2.8 -0.1 - -

5 59.2 39.2 7.1 2.5 -0.1 - -

7 51.3 29.7 10.4 1.7 -0.1 15.0 -

10 52.7 19.2 12.5 2.0 -0.1 87.6 -
5 10 30.6 14.9 6.2 2.0 -0.1 -0.4 2.0
10 10 20.5 10.7 7.5 5.2 0.1 4.5 5.3
15 10 44.0 14.6 8.5 1.6 -0.1 12.9 3.2
20 10 39.0 16.4 10.1 2.2 -0.1 28.2 54
25 10 26.0 15.0 10.1 0.5 -0.1 50.2 5.0

Table 5. Estimated mean values of the model parameters by the experiment used in water tank with

model net
Flow No. Estimated parameters
speed of a kb ke ku® kuw kpc kpe kpu
{em/sec) fish (gemfs?)  (gem/s?) (g/s) (g/s) (g/s) (gem/s?) (gem/s?) (g/s)
1 62.7 - - 9.6 0.2 - 48.6 -
2 73.9 92.1 4.9 6.2 0.2 - 29.1 -
0 3 74.2 82.5 6.0 4.5 -0.4 - -80.8 -
5 48.8 45.8 7.0 7.7 0.2 - 15.0 -
7 65.9 46.7 53 4.2 -0.3 - 17.9 -
10 70.5 40.6 4.9 2.9 0.2 7.1 -55.9 -
5 10 42.3 19.4 6.5 3.4 0.2 -27.6 29.9 3.1
10 10 37.9 16.1 12.3 6.2 0.1 -37.6 ~6.5 4.5
15 10 48.3 17.7 5.0 5.9 -0.1 3.9 11.9 5.4
20 10 45.2 17.9 6.6 10.3 0.1 19.8 -28 8.6
25 10 38.5 5.1 7.9 6.0 -0.2 -10.9 4.9 7.5
A= stepdE 9] #HEEHEES] £ Fife fE =Y JHBE,
o =] 1 R 3 WE L= 3 7 T,
& TAStE 4% EHERSS BEEER O
_a e o e = =T ’ siln+2)=xin+2) - 2xi(n+ 1 +xi(n) (47)
& fER IS b,
asi @714 FAE AR e U RS @ 5
Ay, gt vasrl e Fdsith F, 78+ Com

[+

1 & BUE Ha, Hoi, Hei, Hei™, Hei™, Hpi8) J5E
77t M2 th27) fiFoltt. getr, A& the
#E vindty] jstdM e 2z #ES ol 0
3 4riie] 1o] HAl Bdste ke et
o}

L O ¥ %

0,

olzt stx, Al 3xk AA| BRF Hl o2 P
B dojzl FMA sioll thato] Shgloll &g 31 & A
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Fig. 6. Convergent phases of the estimated parameters by the experiment in the water tank without model

net at flow speed 10cm/sec.

Siln+2)= - vHin)+aiHein)+ ksiHoi(n)+
kciHci(n) +kwi+Hwi+(n)+kwi "Hui™
(n)+piHpi(n) (49)

o=z uio] & 5 Ut RN (49)dA Si, Hi, Hai,

Hbi, Hei, Hui*, Hui™, Hpi®| 2} 88 & 7t @189

X,

¥, z B4rol tidte fR#(pete, o e g ve

3 4 3ioh
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Fig. 7. Convergent phases of the estimated parameters by the experiment in the water tank with model net

at flow speed 10cm/sec.
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Table 6. Standardized mean values of the model parameters by the experiment used in the water tank
without model net

Flow No. Standardized parameters
speed of _ —
(em/sec) fish a* kv* ke* kuw'* ko * kpc* kpu*® v

1 241 - - 0.15 ~0.45 0.03 - 076

2 1.20 1.03 2.01 0.05 - 0.54 0.07 - 0.64

0 3 1.45 0.80 1.78 0.17 -0.35 - - 0.49

5 0.80 1.02 1.63 0.13 0.03 - - 0.47

7 0.49 1.61 2.16 0.15 ~0.35 - - 0.64

10 0.81 1.67 2.32 0.25 -0.33 - - 0.60

5 10 0.70 1.08 1.20 0.06 ~-0.01 -0.11 0.15 0.44

10 10 0.44 0.90 1.75 0.01 0.08 0.20 0.29 0.75

15 10 0.54 0.75 2.33 0.04 0.08 0.05 0.11 0.80

20 10 0.49 0.89 1.84 0.01 0.16 0.28 0.26 0.67

25 10 0.40 0.92 2.52 0.04 ~0.19 0.56 0.30 0.61

Table 7. Standardized mean values of the model parameters by the experiment used in the water tank
with model net

Flow No. Standardized parameters
speed of - —_— -
(cm/sec) fish a* kp* ke* kw+* ko * k/)(-* }\’/}L’* kpu):< V¥

1 2.02 - - 069 012 - 019 - 056

2 1.95 1.20 1.04 0.73 0.05 : 0.05 - 0.64

0 3 1.88 0.94 0.64 0.37 ~0.06 -0.08 - 0.45

5 1.49 1.32 0.64 0.41 -0.05 - ~-0.06 - 0.57

7 1.91 1.35 0.67 0.41 0.02 - -0.07 - 0.67

10 1.99 1.14 0.82 0.74 0.09 - -0.01 - 0.65

5 10 1.27 0.40 1.19 0.51 0.19 -0.04 0.05 0.31 0.50

10 10 0.70 0.64 1.21 0.46 0.04 0.05 0.01 0.13 0.42

15 10 1.25 0.43 0.95 -0.36 0.04 0.23 0.01 0.32 0.63

20 10 1.16 0.46 1.25 0.18 0.04 -0.17 -0.10 0.35 0.54

25 10 1.07 0.41 1.52 0.12 0.10 0.01 0.17 0.16 0.48
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