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A Fractal Evaluation of School Movement Patterns
Using Fish Behavior Models

TATSURO SHINCHI,# HARUHIKO NISHIMURA't
and TETSURO KITAZOE!

Some of animals such as birds, fish, bacteria and so on show aggregate movements. These
animals’ behaviors are autonomous and they will be emerged in spite of the absence of a
consistent leader for the entire system. In this study, we simulate fish school movements
based on the observation data of real fish movements and try to analyze the characteristics
of the autonomous behaviors. With the fractal analyses to the time series of the fish school
coordinates, we could quantitatively evaluate the complexity, shown in the visual comparison
of trail patterns, as the fractal dimensions. This study suggests the necessity of analyses with
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the long time observation data to understand further real animals’ movements.
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Fig.1 Ranges of the basic behavior patterns. The behav-

iors of fish i decided by the distance r are as follows,
r < rq1: repulsion, 71 £ r < ra: parallel orientation,
ro £ r < rs: attraction, » > r3 or dead angle area:
searching.
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i) repulsion (r < rl1):
B5(t) = min{ £(7(t), 5 (1)) = 90°}
ii) parallel orientation (r1 < r < r2):
Bij(t) = £(:(t), 7 (t))
iii) attraction (r2 < r < r3):

Bij(t) = £(@:(t), P;(0) — Pi(D))
iv) searching (r > r3 or dead angle area):
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Fig.2 The self-organizaion of a fish school. The number
of fish is 5, 50 time steps from the initial locations.
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Fig.3 The trail of the fish school (N =5, t =1 ~ 10000).
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Fig.4 Autocorrelation function for the fish school (N =
5). The normarized C(k)/C(0) defined by Eq. (5)
for the time series coordinates P(t) is given as a
function of time interval k.
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Fig.5 The coarsened trail pattern I with 50 segments.

(a): The trail pattern coarsened with every 10 step
for t = 5000 ~ 5500 in Fig. 3. (b): The trail pattern
coarsened with every 20 step for ¢ = 5000 ~ 6000 in
Fig. 3.
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Fig.6 The coarsened trail pattern II with 50 segments.

(a): The trail pattern coarsened with every 100 step
for t = 5000 ~ 10000 in Fig. 3. (b): The trail pat-
tern coarsened with every 200 step for t = 1 ~ 10000
in Fig. 3.
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Fig.7 Fractal analyses for the fish school movement (N =
5). The logarithm of the length < L(k) > defined by
Eq. (9) for the time series coordinates P(t) is given
as a function of log k. The straight line is fitted to
the points by least-square method and the absolute
value of the slope represents the fractal dimension
D. D; is given by the gradual inclination plots, and
D5 is given by the urgent inclination plots.
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Fig.8 Fractal analyses for the fish schools movements
(N =5,8,10,20, 30).
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Fig.9 Fractal analyses for one fish movement (N = 1).
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