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A free boundary problem arising in population dynamics
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Fig.2 Numerical imulation of (2): (a) the initial condition ug(z) with N = 0.1666.635.
(b)-(d) the spanotemporal change of u(t, z), (¢) the numerical equilibrium solutioa.
(f) time development of the {ree boundaries z = (/(t), Co(t).

(c)
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vo(z)
z
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() Ex(2)
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Fig.d Numerial simulation of (3) with d = 1.0000000, A = 1.0000000, N =
0.4266666: (a) the potential Q(z;7) 7 = 1.0000000 < 7, = 2.0000000, (b) the
initial condition o(z) with M = 0.3333250, (c) the numerical equilibrium solution,

(d) time development of the free boundaris r = €(t), En(t).
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Fig.4 Numerical simulation of (3) with d = 1.0000000, A = 1.0000000, N =

0.4266666: (a) the potential Q(z;v) vy = 3.0000000 > 7,. (b) the initial condi-
tion vg(z) with M = 0.3333250 > Mc(7y) = 0.2689306, (c)-(d) the spatio-temporal
change of v(t,z), (e) the numerical equilibrium solutioa, ([) time development of
the free boundaris z = £, (t), €a(t).

(a) Q(zi7) (b) t= 0.0000]
()| t = 0.2000 (d) ¢t = 0.4000
v(t, z)
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Ex(t)
t
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Fig.5 Numerical simulation of (3) with d = 1.0000000, A\ = 1.0000000, V =
0.4266666: (a) the potential Q(z;y) ¥ = 5.0000000 > 7., (b) the initial coadi-
tion vo(z) with M = 0.1666625 < Mc(y) = 1.4240949, (c)-(d) the spatio-temporal
change of v(t, z), (e) the numerical equilibrium solutioa, (f) time development of
the free boundaris z = £,(¢), €a(t).
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Abstract

We have made the computer experiments to clarify the essential mechanism of fish schooling.
The model was constructed based on the assumption that each individual adjusts its moving
direction depending on the location and moving direction of the neighbors. Three types of
behavioral interactions between two fishes, approach, avoidance and parallel orientation were
taken into the model. It was found that, to form a school, each individual has to attend every
neighbor around itself. Though each individual did not know the movement of entire school and
there was no leader in the group, they gathered and moved together. When each individual
referred only the nearest neighbor or only the nearest anterior fish, school was not formed but
many unstable small groups appeared.

The effect of lateral line of fish was also examined. We assume that lateral line contributes
efficiently to parallel orientation of fish. When individuals used the information from lateral line,
density of the school became lower and the frequency of changing dirccti(;n of school movement
decreased. We suppose that, a fish use mainly the information from lateral line only when the
school is stable and there is no external perturbation around the school. However, the school is
not formed, when fish individuals use dominantly the information obtained through lateral line.

We are strongly interested in the group intelligence of fish school. We assume that group
intelligence are abilities emerged when individuals aggregate and make shoal. One of the most
important functions of fish schooling behavior is to protect the members from attack of the

predators. Group intelligence might be highly exerted when a school performs evasion maneuvers



against the predators. In order to clarify what the group intelligence of fish school is and how the
group intelligence is emerged, we have studied predator-avoidance behaviors of fish school using
our fish school model.

We firstly studied the effect of forced split and forced flash expansion of a fish school. The
results indicate that the fish school in our model is quite robust against such kinds of
perturbations. The schooling dynamics of our model is quite reasonable to study the response to
attack of predator. If the schoolm,‘_., dynamics is unstable, fishes of the school are easily dispersed
by attack of predators and as a result easily eaten by the predators. As long as a school under the
attack of predators maintains uniform collective motion, the fishes are not easily eaten.

From the simulations of predator evasion behavior, one of the merits of fish schooling was
clarified. It is suggested from this work that some kind of group intelligence is exerted to avoid

attacking of predators when a school is formed by fishes.
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HARE TN EONPEEREICOHHLET EAF
DD LN TWDS, NVEID I3V — 570 % 3
Oﬂ/:ﬁ»%@&ﬁwéﬁbu\7w+ﬁ/:
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100nm
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a) Coil

Ry € = 166

€ =17

Probability
<
=)

Toroid

<Rg>
a

3 a) el B 5 PHKECORIEER R, 09
(N =100,x =2)
b) RyDTEHMENLAL (N =50 £ 7243 100, 5 =2)

(3]
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ZOMHBETINNS DERIT. BEERIZEDORFEZVELTL—FEREIIBNT,
s ERITIT—E DShoot/Roottb Z #ERF L. BIEA KM IZ7/2 5 & Shoot/Rootbb 43 5
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AN AMEFROBEFEETIVICL A
Ay =720 YDORRIZET L5
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A KEFERER B RBHERH
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D)L BRE CRIZEBHILTAI EAMONTEY, —
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dB . .
Tl gB(T -T")-¢(B—-B")B (3)
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N(t) - £ N 1B 1 D ¥ AL 2
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a i ANy B g
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Fig. 1: Relationship between Variables and Parameters :
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Fig. 2: Stability Chart (h :
p : cellular immunity rate)
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DI TH B S OHMTIE, MAERENIFH I AL ¢
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Fig. 3: Chronic Hepatitis
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Predator-prey interactions and spatio-temporal pattern formation
Horst Malchow
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